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PREFACF 


Tbi  untimely  death  of  Dr.  George  Oliver  prevented 
lum  aom  carrying  to  completion  the  i«eient 
editwn  of  his  book.  He  left  ^e  maj(»  part  ol  it 
in  a  condition  of  readiness  for  the  printer,  and 
this  portion  was  entirely  rewritten.  His  notes 
indicate  that  he  proposed  tc  write  some  more 
chapters,  but  no  manuscript  has  been  discovered. 
Among  tlie  omitted  chapters  are  those  on  treat- 
ment ;  so  I  have  ventured  to  reprint  what  he 
wrote  on  that  subject  in  his  last  edition  (1908) ; 
but  as  I  did  not  feel  competent  to  revise  this  part, 
Dr.  Alfred  Mantle,  one  of  Dr.  Oliver's  old  friends 
at  Harrogate,  very  kindly  consented  to  .^k 
through  these  chapters,  and  has  brought  them  up 
to  date,  such  additions  as  seemed  to  him  desirable 
being  initial  A.  M.  He  has  also  inserted  an 
addendum  to  the  chapter  on  the  treatment  of 
high  blood-pressure. 

What  appears  in  the  Aj^endix  k  also  taken 
from  the  last  edition,  and  I  have  added  there  a 
-  ▼ 
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brief  account  of  another  instrument,  namely  the 
haemoglobinomet^r,  for  which  Dr.  OUvct's  in- 
ventive genius  is  r^ponsible. 

A  few  days  before  he  died,  he  was  speaking  to 
me  of  the  importance  of  artmometry,  which  he 
feared  had  fallen  into  disuse ;  there  is  certainly 
no  instrument  of  the  many  which  Dr.  Oliver  intro- 
duced which  so  completely  demonstrates  his  in- 
genuity, resourcefulness,  and  mechanical  acumen. 
I  therefore  make  no  apology  for  reprinting  his 
chapter  on  that  subject.  The  only  other  section 
which  has  appeared  to  me  necessary  to  republish 
from  the  last  edition  is  the  short  one  on  Venous 
Pressure.  All  the  rest  of  the  book,  that  is  Chapters 
I  to  VII,  appears  as  it  left  the  author's  pen, 
except  that  a  few  verbal  inaccuracies,  the  inevitable 
result  of  typing  manuscript,  have  been  rectified. 
A  few  footnotes  I  have  added  are  initialled  W.  D.  H. 

In  thus  editing  the  present  issue  I  can  only 
say  that  the  work,  undertdcen  at  the  request  of 
his  widow,  has  been  a  true  labour  of  affeetk>n  and 
respect. 

I  have  also,  by  the  kind  permkmon  of  the 
Editor  of  the  Lanesd,  added  by  way  of  introduction 
the  obituary  notice  of  Dr.  Oliver  which  appeared 
in  that  journal  on  Januaary  8,  1916,  and  the 
leading  article  of  the  same  date,  which  seems  to 
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me  to  put  most  accurately  in  a  few  sentences  the 
present  position  of  sphygmomanometry  in  the 
field  of  practice,  and  the  lai^  share  "wMch.  Dr. 
Oliver  had  in  making  it  so  useful. 

W.  D.  HALLIBURTON. 

KiKo's  CfHJMiM,  LoirooR, 
JUajf,  1916. 


OBITUARY 

GEORGE  OLIVEB.  M.D.  Lama.,  F.E.C.P.  lorn. 
(Ftam  Lemea,  Jui.  8,  1916.) 

Wb  regret  to  announce  the  death  of  Dr.  George 
Olivrar,  which  occurred  at  his  residence  at  Famham, 
Surrey,  on  December  27,  1915.  He  was  born  in 
April,  1841,  being  the  second  son  of  Mr.  W.  OKver, 
a  surgeon,  of  Middleton-in-Teesdale,  Durham.  He 
was  educated  at  Gainford  School,  and  having 
decided  to  adopt  his  father's  profession  he  po- 
ceeded  to  University  College,  where  he  had  a 
brilliant  academic  career  which  culminated  in  his 
taking  the  gold  medal  at  the  M.D.  examination  of 
the  University  of  London  in  1873.  Even  in  these 
early  days  he  gave  evidence  of  a  truly  scientific 
conception  of  his  work,  and  he  always  had  a  deep 
admiration  for  William  Sharpey,  who  was  pro- 
fessor of  physiology  at  University  College  at  the 
time.  Subsequent  to  this  he  started  practice  at 
Eedcar ;  he  only  stayed  there  a  few  years,  and  in 
1875  went  to  Harrogate,  where  he  speedily  deve- 
loped a  lai^e  practice,  first  as  a  general  physician 

ht. 
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and  subsequently  as  a  consultant.  He  spent  alt<> 
gether  thirty-three  years  at  Harrogate,  and  was 
recognised  as  the  highest  authority  there  in  the 
special  branch  of  practice  associated  with  tiiat 
town.  During  the  later  portion  of  this  period  he 
used  to  reside  in  London  or  in  Sidmouth  during 
the  winter,  only  living  at  Harrogate  for  the  season ; 
in  1901,  however,  he  acquked  a  beautiful  home  in 
Surrey,  where  he  spent  the  winter  months,  and  it 
was  not  until  1908  that  he  entirely  relinquished 
his  Harrogate  work.  This  freedom  from  the 
claims  of  a  busy  practice  during  a  long  period  of 
each  year  enabled  him  to  prosecute  original  re- 
search, which  he  loved  :  some  of  this  w?  ^  carried 
out  at  the  Physiological  Laboratory,  University 
College,  but  a  good  deal  in  his  private  laboratory. 
He  was  always  clever  at  any  mechanical  device, 
and  most  ingenious  and  resourceful  in  overcoming 
difficulties. 

He  wrote  extensively  not  onfy  on  the  Harrogate 
waters,  but  also  on  urine  testing ;  the  fourth  edition 
of  his  "  Bedside  Urine  Testing  "  was  ^b]»hed  m 
1889,  and  his  originality  here  was  shown  by  the 
invention  of  toting  pap^  known  as  "Oliver's 
test  papers."  But  it  was  always  the  blood  and  its 
circulation  that  most  attracted  hk  attention,  and 
one  instrument  after  auQlhiar  dealiii^  with  this 
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branch  of  science  were  brought  under  the  notice 
of  the  medical  world  ;  his  haemacytometer,  hsemo- 
globinometer,  arteriometer,  and  sphygmomano- 
meter are  instances.  He  will  be  especially  remem- 
bered for  his  work  in  connection  with  blood- 
pieBsure;  he  it  was  among  British  physicians  who 
chiefly  insiated  on  the  importance  of  estimating 
blood-pressnre  in  diagnosis,  and  the  instrumen*"  of 
precidon  he  introduced  for  this  purpose  will  live 
long  to  keep  his  memory  green.  His  book  on 
"Stidies  in  Bbod-Fress^ rapidly  passed 
throogh  two  editions,  and  at  the  time  of  his  death 
he  was  nea.ing  the  completion  of  a  third  edition, 
in  which  the  book  was  practical^  re-written.  It 
is  to  be  hoped  that  this  work  may  ultimately  be 
published. 

Another  branch  of  medical  science  to  which  he 
devoted  himself  was  that  relating  to  the  ductless 
glands,  and  he  published  papers  on  t'le  suprarenal, 
thyroid,  thymus,  and  pituitary  bodies.  In  this 
direction  he  was  perhaps  best  known  by  the  re- 
markable paper,  published  in  conjunction  with 
Professor  Sir  Edward  Schafer,  on  the  suprarenal 
g^and.  This  really  formed  the  foundation  for  all 
the  enormous  amount  of  subsequent  work  on  the 
adrenal  body  which  has  resulted  not  only  in  the 
^aemtxf  ti  ^  fo^^nig  of  iMB  fofn^ly  mys- 
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terious  organ,  but  also  in  the  discovery  of  the 
active  principle  adrenaline,  one  of  the  greatest 
boons  to  suffering  humanity.  Although  Addiflon 
many  years  ago  had  dimly  conjectured  the  use 
of  the  suprarenal  capsule,  it  was  not  until  Oliver 
and  Schafer  published  their  famous  paper  that 
any  clear  light  was  thrown  upon  the  sabjeet  ; 
and  Dr.  Oliver  at  once  grasped  the  practical  appli- 
cation of  the  discovery. 

In  1887  Dr.  Oliver  was  elected  a  Fellow  of  the 
Royal  College  of  Physicians  of  London,  and  a 
few  years  later  he  founded  there,  in  memory 
of  his  old  master  Sharpey,  the  lectureship  which 
now  bears  the  name  of  the  Oliver-Sharpey  lecture- 
ship. Dr.  Oliver  was  most  suitably  chosen  as 
the  first  lecturer  under  this  trust,  when  he  took 
as  his  subject  "  Studies  on  Tissue  Lymph  "  (1904). 
He  had  previously  filled  the  position  of  Croonian 
lecturer  at  the  same  College  (1896),  which  gave  him 
the  opportunity  of  bringing  prominently  before  the 
profession  the  importance  of  a  stufly  of  blood- 
pressure.  This  does  not  by  any  means  exhaust 
the  list  of  his  writings,  for  he  (»»ntributed  largdy 
to  the  journals  and  also  to  standard  works,  such 
as  "  Quain's  Dictionary  of  Medicine,"  in  which  he 
wrote  articles  on  constipation  and  on  other  ailments 
of  i&e  bowels.  He  was  thus  a  man  with  wide 


OBITUARY 


xiii 


attiinments.  His  recreations  included  photo- 
graphy, in  which  he  became  an  expert,  and  until 
the  last  few  years  he  took  his  exercise  mostly  in 
the  form  of  cycling.  He  was  never  a  man  of  strong 
physique,  but  in  spite  of  this  he  continued  to 
live  an  active  and  strenuous  life.  About  five  years 
ago  he  had  an  attack  of  hsematemesis,  from  which 
he  fortunately  quickly  recovered.  For  about  a 
month  before  he  died  he  suffered  from  some 
bronchud  catarrh,  and  the  coughing  so  occasioned 
evid'-ntly  strained  the  weak  spot  in  his  gastric 
limi^.  On  Christmitf  i^^t  he  was  again  sdsed 
with  bleeding,  which  no  remedy  could  check,  and 
two  days  later  he  {^acefnUy  pawed  aw&y. 

His  great  aim  thron^out  life  was  to  make 
medicine  a  more  exact  science  than  he  found  it, 
and  none  can  deny  that  he  succeeded  in  this  great 
endeavour.  The  keynote  of  his  success,  both  at 
the  bedside  and  in  the  laboratory,  was  untiring 
perseverance ;  he  was  never  satisfied  with  any- 
thing that  was  imperfect,  but  went  steadily  on, 
altering  and  improving  his  inventions  until  they 
gave  absolutely  correct  results.  It  was  the  same 
with  his  writings ;  he  wrote  and  rewrote  each 
sentence  until  it  was  absolutely  clear  so  as  to 
repress  his  m^mii^  in  the  fewest  possible  words. 
He  never  hesitated  to  change  his  views  when 
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necessuiy,  and  much  of  what  he  wrote  in  his 
earlier  editions  was  consequently  amended  as  his 
apparatus  were  perfected  and  gave  him  results 
which  corrected  those  obtained  earlier  with  lesB 
perfect  instruments.  He  was  a  man  of  a  singularly 
sweet,  genial,  and  uns^fish  di8p<Mntaon,  which 
endeiured  him  alike  to  his  patiente  and  his 
He  will  greatly  missed  not  only  in  the  scientific 
world  but  also  by  the  lajge  circle  of  his  penonal 
friends  in  Yorkshire,  London,  and  Surrey. 

During  the  time  he  was  at  Redcar  he  married 
Alice,  the  only  daughter  of  Mr.  J.  Hunt,  of  Barnard 
Castle,  by  whom  he  had  one  son  and  one  daughter 
who  survive  him.  His  first  wife  died  in  1898. 
In  1900  he  married  again,  Mary,  daughter  of  Mr. 
W.  Ledgard  of  Roundhay,  Leeds,  and  she  survives 
him.  Dr.  Oliver  was  buried  in  the  churchyard  of 
the  peaceful  little  church  at  Tilford  on  December 
31,  the  church  which  he  used  faithfully  to  attend. 


W.  D.  H. 


THE  MEASUREMENT  OF  BLOOD-PKISSURE 

(Frov  La»ett,  Jaa.  8,  1910.) 

The  progr*»8  of  science  has  always  been  intimtttely 
connected  wi^  the  intioctiictioii     imtntinentB  of 
precision.  The  name  of  Dr.  George  OHTer,  whose 
life-work  we  record  in  another  cohimn,  wiH  always 
be  associated  with  instruments  for  the  measoze- 
ment  of  blood-pressure.  For  although  others  were 
earlier  in  the  field  in  introducing  methods  capable 
of  clinical  application,  he  was  one  of  the  first  to 
make  that  application  and  to  facilitate  it  by  the 
simplification  and  improvement  of  the  apparatus 
required.    And  a  rich  harvest  of  facts  soon  re- 
warded him,  even  though  the  interpretation  of 
these  facts  is  still  to  some  extent  in  dispute.  The 
clinical  value  of  observations  on  blood-pressure 
is  doubted  only  by  those  who  have  never  made 
them*  It  is  true  that  the  finger  can  detect  some 
differences  in  pulse  tension,  but  it  is  often  entirely 
at  fault,  since  it  can  only  estimate  total  pressure, 
thus  missing  a  high  pressure  if  the  volume  be  small. 
In  the  same  way,  althou^  the  hand  can,  detect 
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differences  in  temperature,  it  cannot  replace  the 
thermometer.    'I'he  sphygmomanometer  has  en- 
larged our  ideas,  cleared  up  difficulties  in  diagnosis, 
and  helped  in  prognosis.    This  has  nutUfaMy 
reacted  on  treatment.    It  had  enlarged  our  ideas 
on  "  heart  failure."  The  heart  ii  adjusted  to  work 
at  certain  pressures,  and  though  within  considesr- 
able  limits  it  can  adjust  itself  to  variations,  those 
limits  may  be  exceeded.  In  an  acute  infection 
blood-pressure  may  faU  dangerously  low,  and  sen- 
sory stimuli  do  not  produce  the  usual  pressor 
result,  thou^  abdominal  massage  is  still  effective. 
It  is  the  vaso-motor  system  that  is  poisoned,  rather 
than  the  heart  that  is  damaged.   But  the  heart 
cannot  carry  on  the  circulation  satisfactorily  if 
the  blood-pressure  is  quite  inadequate.  Recogni- 
tion of  these  facts  has  led  to  the  problem  being 
attacked  through  the  vasomotor  system  by  means 
which  act  peripherally,  thus  protorting  the  heart 
from  secondary  damage  and  needless  or  harmful 
stimulat;  11.   Crile  and  Lockhart-Mummery  take 
a  similar  view  of  the  origin  of  surgical  shock, 
though  of  late  this  has  been  disputed.   There  » 
the  opposite  condition  in  wMch  the  heart  fails  whfle 
the  pressure  is  very  high.  In  some  cases  whme 
the  pressure  has  been  unduly  high,  perhaps  for 
years,  the  heart  task  because  it  can  m  k»ng«?  work 
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against  an  excessive  resistance.   But  in  others  it 
it  piobable  tLat  tiie  rise  of  pressure  is  compensa- 
tor3r.  With  diminishing  output  vasoHsonstriction 
is  nacMMzy  to  Itwon  tiio  nie  of  the  arterial  bed. 
But  this  vaso-conitriction  would  only  raise  the 
blood  ptesrait  to  iti  nonnallevd  again ;  it  would 
not  force  it  higher.  Tet  it  is  oftoi  a  iurj^ise  to 
find  with  a  feebly  beating  heart  a  pressure  ol  200 
mm.  or  more.   The  recent  work  ol  Stailiiig  and  his 
school  throws  fresh  light  on  this  apparent  paradox. 
The  contractile  force  of  a  muscle  depends  upon 
and  is  proportional  to  its  previous  stretching,  so 
that  in  its  inception  even  cardiac  dilatation  is 
compensatory,  and  a  rise  of  blood-pressure  will 
increase  the  stretching  of  the  cardiac  muscle. 
But  it  is  a  desperate  expedient,  for  with  over- 
stretching complete  failure  may  ensue.    In  a 
primary  affection  of  the  heart  muscle  this  is  parti- 
cularly likely  to  occur;  hence  the  liability  to 
and  fatal  syncope.  This  work  has  also 
thrown  a  new  light  on  "back  pressure,"  for  a 
rise  of  rmaxm  pr«araze  iniareaMe  tlie  filliiig  and 
therefore  the  Batching  of  ^r^tauride.  Ofiver 
was  much  interested  in  the  measurement  of  venous 
pressure  in  man,  and  pul^ohed  a  on 
subject  in  1898,  long  before  its  significance  was 
grasped. 
b 
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ThM  new  woA  explains  what  had  previonBly 
been  reaUwd  clinkaHy— that  the  indiKamninate 
lowering  o!  blood-pteiwiie  by  a  frontal  attack 
wi^  Tftso-dilaton  i»  dangerous.  In  the  early 
days  ot  ^  sphygBM^BMioineter  there  was  too 
great  a  tendency  to  its  use,  just  as  there  was  a 
tendency  to  indiscriminate  lowering  of  the  tem- 
-^tnre  in  ^e  early  days  of  antipyretics.   A  rise 
of  pressure  is  a  symptom  just  as  surely  as  a  rise 
of  temperature.   In  all  attempts  at  repair,  how- 
evw,  the  body  may  overshoot  the  mark,  and  it 
may  become  as  imperative  to  lower  pressure  as 
to  treat  hyperpyrexia.   The  sphygmomanometer 
has  aided  in  diagnosis  in  many  ways.   We  may 
appeal  to  it  if  in  doubt  whether  a  hemiplegia  is 
due  to  hsemorrhage  or  thromborMJ  in  ^  fatmer 
it  is  always  high,  ^ile  in  the  latter  it  need  not  be, 
and  indeed  s^m .     PerftwratioB  in  typhc^  fever 
causes  a  rise  of  pressure,  while  hfemiofhage  pro- 
dnces  a  fall.  A  fall  of  blood-iwessnre  is  occasionally 
a  Y^tiable  sign  of  incipient  (»r  le^r^seoat  j^thisis. 
A  great  fall  of  blood-pressure  may  occur  quite 
early  in  Addison's  disease.   A  marked  fluctuation 
on  change  of  posture  in  a  patient  with  albuminuria 
suggests  that  it  may  be  orthostatic  in  origin.  A 
distinct  difference  of  pressures  in  the  two  arms 

may  be  a  sign  of  aortic  aneurysm.  As  to  prognosis, 
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a  contiinied  rite  in  the  already  high  prenme  in 
eerebral  hmnonhage  is  of  (iw  graveet  imp(»t. 
In  chronic  nephritis  a  raised  pressure  is  necsssiry 

for  adequate  excretion,  and  cases  in  which  it  does 
not  occur  usnally  do  badly.  In  pneumonia  a 

continued  but  gradual  fall  of  ^essurc  is  the  rule. 
Gibson  found  that  any  sudden  rise  before  the 
crisis  implied  the  onset  of  some  complication,  while 
a  sudden  fall  was  a  warning  of  impending  vasomotor 
paralysis,  leading  to  heart  failure.  A  rise  of  blood- 
pressure  in  pregnancy  has  been  found  a  valuable 
prognostic  sign  of  the  approach  of  toxsDmia.  But 
perhaps  one  of  the  most  practical  applications  of 
the  sphygmomanometer  has  been  the  recognition 
of  the  rise  of  blood-pressuie  in  later  life,  before  any 
ori^mic  change  has  occurred  in  the  arteries,  and 
therefore  while  the  case  is  still  amenable  to  treat- 
ment. A  busy  man  nearing  fifty  years  of  age,  who 
finds  himself  getting  unduly  ^ort  of  breath  on 
slight  exertion,  and  liable  to  v^tigo,  insomnia, 
"  biliousness,"  or  h^^^,  may  show  no  evidence 
of  disenae  to  ordinary  physical  examination,  but 
the  sphygmomanometer  would  probably  reveal 
a  blood  pressure  of  180  mm.  or  more.  If  we  meet 
this  by  putting  the  patient  into  the  way  of  phy- 
siological righteousness  rather  than  by  depressor 
remedies,  the  results  are  often  extremely  gratifying. 
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In  this  "  pre-sclerotic  "  stage  we  should  pay  more 
attention,  as  Oste  urges,  to  the  periphwal  fidd 
of  the  circulation  "  rather  than  tanker  at  the  pump 
or  the  mains."  And  the  peripheral  circulation 
always  received  careful  consideration  in  Oliver's 
work. 

It  is  an  interesting  paradox  that  in  medicine 
instruments  of  precision  have  a  way,  largely 
because  of  their  educational  influence,  of  diminish- 
ing the  necessity-  for  their  own  use.  Thus  the 
sphygmograph  taught  us  many  things  about  the 
pulse  which  could  subsequently  be  recognised 
without  its  aid.  The  elecirocardiograph  was  neces- 
sary to  the  detection  of  auricular  fibrillation  and 
to  the  explanation  of  its  nature.  But  already 
we  can  sometimes  diagnose  this  condition  without 
it.  To  a  certain  extent  the  same  is  becoming 
true  of  the  sphygmomanometer,  but  this  does  not 
diminish  our  indebtedness  to  the  man  who  has 
familiarised  tus  viith.  its  leraoiui. 
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STUDIES  IN  BLOOMRESSURE 


CHAPTER  I 

APPARATUS' 

I.  The  Manometer 

Clinical  manometers  may  be  divided  into  two 
classes.  First,  the  various  forms  of  the  ordinary 
mercurial  manometer  measuring  pressure  by  the 
height  of  a  column  of  mercury,  and  secondly,  the 
different  kinds  of  manometers  graduated  from  that 
standard. 

The  Standard  Mercurial  Manometer.— There  is 
a  consensus  of  opinion  among  the  best  observers  in 
fAVom  of  ^  mensima],  as  the  only  trustworthy 
form  of  dinieal  manometer.  Unfortunately,  how- 
ever, it  has  hitherto  been  so  handicapped  by  its 
emnlMRniffiieis  and  gmieral  tinsmtability  for  bed- 
side observation,  that  the  portable  instruments 

*  Theappan*i»i»iB»d,byllB«,.H»wtahy*Soo«,357,Oxf«ad 

Street,  Londoo. 
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(aneroids,  etc.)  graded  from  it  have  fomid  favour 
with  many  busy  general  practitioners,  ^Qgh 
aware  of  their  liability  to  serious  error  from  the 
weakening  of  mechanism  contingent  on  use.  But 
now  these  objections  can  be  met,  as  in  the  instru- 
ment I  am  about  to  describe.  There  is,  however, 
one  source  of  faUacy  in  the  mercurial  manometer 
—namely  the  inequality  of  the  bore,  which  may 
produce  an  etr^t  of  from  3  to  5  or  6  mm.  at  least. ' 
The  bore  should  be  carefully  calibrated  through- 
out; and  this  is  a  standing  instruction  to  my 

ii^trument  maker. 

A  PocketMcrcurial  Manometer  (unspillable).— 
Fig.  1  is  a  small,  compact,  unspillable,  mercurial 
manometer,  which  is  quite  easily  carried  without 
indicating  its  presence  in  the  inside  breast  pocket. 
It  measures  only  9i  inches  in  length,  1|  inch  in 
breadth,  and  |  inch  in  thickness.  This  little 
■-strument  consists  of  two  parts :  the  manometer 
and  the  cover  or  box  in  which  it  is  CMiwd;  ^ 
latter  when  removed  serves  as  a  stand  for  the 
manometer  ;  it  consists  of  two  layers  of  wood,  and 
it  is  detached  by  releasing  the  braw  spring  catch 

1  From  the  follow  ng  statement  by  Peroival  Nicholson  (Blood- 
Prt»mre  in  Gtner^  Practice,  p.  22)  it  would  seem  that  American 
mercurial  manometers  yield  larger  errors  from  imperfect  cahbiation 
than  Engliah  ones:  "Two  instruinfiiito  recently  examtead  were 
fimnd  to  vary  40  mm." 
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at  the  uppa  end  of  the  instnunent.  Then  after 
sliding  the  uppeir  piece  of  wood  downwaids  so  as 
to  free  it  from  the  dovetailing  below  it  is  removed ; 
the  central  swivelled  p<»ti<m  is  now  ton^  <308b> 
wise,  and  the  cross  thus  formed  is  placed  upon 
the  table;  the  brass-covered  lower  end  of  the 


Pro.  1. 

fiy  kind  permission  of  the  Editor  of  "  The  Praelitioner." 


mRu<Hnc  i,fci-  >s  inserted  firmly  into  the  socket  at 
lie  ceiitre      the  cross^shaped  stand,  and  we 
have  ai.  upright  manwneter  firmly  fixed  fot  obser- 
vation (Fig.  2). 

The  manometer  diif  ers  from  the  ordinary  '*  U  **- 
shaped  instrument  in  having  a  separate  scale 
allotted  to  each  Umb.   The  scale  affixed  to  the 
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left  limb,  reading  to  200  mm.  Hg.,  suffices  for 
the  general  run  of  cases ;  and  that  on  the  right 
limb,  reading  from  200  to  300  mm.  Hg.,  providei 
for  the  exceptional  cases.   The  employment  of 
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tM  pimiHiem  ^  tt*  ««»»■  of  "  r»#  Pr«aM>nir." 

one  or  the  other  of  these  scales  is  determined  by 
the  direction  of  tiie  arrow  on  the  brass  disc.  When 
this  is  tamed  home  weO  to  the  right,  the  arrow 
points  to  the  scale  on  the  ri^t  Hmb ;  but  wh^ 
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to  the  left,  until  the  arrow  is  directed  downwards, 
it  p  ints  to  the  scale  on  the  left  limb. 

When  the  brass  disc  is  turned  home  to  the  right, 
the  air  beyond  the  mercury  is  closed ;  and  when 
to  the  left,  the  mercury  is  free  to  measure  tlie 
arterial  blood-pressure  in  the  ordinary  way  at 
atm(»pheric  pressure.  This  arrangemrat  of  supple- 
menHsg  an  os^dmxy  manometer  readii^  to 200  mm. 
Hg.,  enables  us,  by  closure,  to  extend  the  scale  to 
300  mm.  Hg.,  without  lengthening  the  iBstxamertt 
In  fact,  4  inches  in  length  are  thus  saved. 

The  manometer  tube  is  made  with  a  bore  of 
either  2  or  3  m*'  in  diameter,  as  the  observer 
prefers.  The  sn  calibre  is  just  sufficient  to 
damp  down  oscillation  without  impairing  accuracy  : 
it  therefore  practically  converts  the  oscillatory 
into  a  quiescent  column  of  mercury,  and  the 
latter  is  more  suitable  for  the  auditory  reading  of 
the  pressure  than  the  former,  for  with  the  still 
column  the  phases  of  throb  are  better  defined, 
and  the  readii^  of  pi^ure  is  more  exact.*  But 
for  those  observers  who,  from  impaired  hearing, 
are  debarred  from  the  use  of  the  auditory  method, 
the  lai^er  caMbre  is  provided,  which  enables  th^ 

*  Whea  the  bore  is  2  mm.,  the  instrument  may  require  a  tilt  to 
set  the  mercury  exactly  to  zero  before  making  an  observation  ; 
bat  the  cohinm  of  mercury  is  muoh  less  liable  to  disturbance  from 
linking  and  oarriage  tiun  in  the  3  mm.  bore. 
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to  read  the  diastolic  pressure  by  the  oscillatory, 
and  the  systolic  by  the  tactile  method.  The 
pressure  is  read  first  of  all,  after  turning  the  brass 
disc  to  the  left  until  the  arrow  points  downwards, 
on  the  open-air  scale  below  on  the  left ;  and 
should  it  exceed  the  limit  of  that  scale,  200  mm., 
the  air  in  the  armlet  is  released.  Then,  after 
seeing  that  the  mercurial  column  is  at  zero,  the 
brass  disc  is  screwed  up  firmly,  and  the  pressure 
bam  200  mm.  and  onwards  is  read  on  the  scale 
above  on  the  right. 

Hie  observer  idioald  never  foi^et  to  onsoiew 
the  brass  ^sc  before,  and  to  seiew  it  up  after,  an 
observation.  The  instrument  is  best  carri^  in  the 
breast  podk^ ;  but  it  may  be  i^UMsed  in  a  bag.  In 
both  cases,  however,  the  loop  end  should  always  be 
nj^rmost.*  The  mercury  is  lapped  at  both  ends.  ■ 

•  Should  some  of  the  mercury,  from  faulty  position  of  the  instru- 
meat,  become  displaced  into  tite  uppnr  trap,  it  cm  be  returned 
to  the  glass  tube  by  (1)  holding  the  manometer  upside-down,  (2) 
unscrewing  the  braas  disc,  (3)  attaching  one  end  of  the  connecting 
nibbrar  tube  to  the  nozzle,  and  then  sucking  the  other  until  all  the 
mercury  is  drawn  round  the  bend  of  the  ghiss  tube  (the  side  branch 
of  the  connecting  tube  should  be  closed  by  the  ebonite  plug  i«o- 
vided,  whilst  Uiia  is  bdng  done),  when  the  instmment  is  quiekfy 
turned  the  rigiit  w--'  up.  Any  detached  pieces  of  mercury  are 
easily  united  by  shaking.  Such  an  accident  as  this  is  rare,  and 
shoaU  not  happen  if  care  be  tidcen  to  kBem  ik»  direetioM  for 
tlie  iihp  ssf  tho.  instnirr.ent. 

^  Those  manometers  which  are  trapped  by  a  glass  arrangemrat 
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A  Pocket  Compressed  Air  Mercurial  Manometer 

(un8pillii])le).  Ti  e  reading  of  the  arterial  pressure 
by  means  of  compressed  air  throughout  (as  de- 
scribed in  the  second  edition  of  this  work)  pMsesseB 
many  advantages.  But  it  is  open  to  cm  dit- 
advantage,  namely  the  influence  of  baiomelaio 
pressure:  but  this  is  oonnterbalsnoed  by  the 
^minati(m  of  ertot  from  impeifeot  <»!ibxatioii  of 
the  boie  of  the  tube,  for  the  instrument  is  graduated 
fetm  a  s^udbod  nuuMnneter.  S<»Be  oiuiairalicas, 
made  with  the  view  of  ascertaining  the  extent  of 
tma  due  to  altitude,  led  me  to  infer  that  1,000  ft. 
add  about  5  per  cent,  to  the  graduat'  ons  on  the 
scale  which  is  set  up  within  100  ft.  abi  'e  sea- 
level;  so  that  100  mm.  at  that  altitude  should 
be  read  as  95,  200  mm.  as  190,  etc.  From  these 
figures  we  may  conclude  that  the  error  is  prac- 
tically negligible  for  districts  under  500  ft.  in 
height,  and  may  be  approximately  calculated  for 
higher  levels.  Barometric  rises  and  falls  of  half 
an  in  h  (practically  equivalent  to  500  ft.),  which 
are  not  common,  may  also  be  disregarded.  My 
compressed  air  manometer,  in  an  improved 

at  both  ends  cannot  be  cleansed  from  d^iosits  of  mereurotis  oxide ; 
the>  must  therefore  be  discarded  when  dirty.  But  in  this  mano- 
meter, the  lower  trap  is  removable,  and  consequently  the  bore 
can  be  cleaned  and  refilled  with  doubly  distilled  mercury  by  the 
ButrameDt  awiw       wnuiwi  oovfe. 
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Ions,  eftn  be  proeufed  hy  aasy  one  prelerring  lo 
use  it. 

II.  The  Akmlet 

The  rtnnlet  is  of  standard  width  (12  cm.),  and 
is  furnished  with  an  air-bag  of  limitec  area  (12  x 
12  cm.).  The  observer  has  the  choice  of  two 
forms;  one  with  three  automatio  catch  budcks 
and  a  central  tabe>  ami  the  ot^er  shaped  as  a 
bandage  with  a  marginal  tube,  and  two  straps 
punched  with  eyelet  hdes  which  hodc  and  miho(& 
with  iamlity.  The  latter  form  ol  armlet  is  very 
convenient  for  applpng  the  pressure  of  the  hand 
over  the  armlet  when  the  observer  wishes  to 
avoid  constriction  of  the  limb  in  sensitive  subjects. 

For  difEerential  readings  ol  the  arterial  pressure 
in  the  two  arms,  or  forearms,  or  in  the  arm  and 
thigh  (in  aortic  insufficiency,  etc.),  two  armlets 
are  provided,  furnished  with  a  tap  for  each,  and 
rubber  tubes  with  a  T-way  pi'^ce  ;  the  one  adapted 
to  the  thigh  is  larger,  and  of  suitable  dimensions. 

III.  The  Canvas  Bag 

A  small  short  canvas  bag  (8  x  10  cm.)  is 
employed  to  ensure  quick  compression  and  decom- 
pression of  the  armlet.  It  is  connected  up  between 
the  filler  and  the  tubes  leading  to  the  armlet  and 
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the  rur.nometer.  The  filler  is  furnished  with  a 
tap  us  '.vpll  as  the  valve  inside,  so  that  should 
the  l.tter  become  leaky,  the  observer  is  independent 
of  this  defect. 

IV.  The  Phonendoscope 

A  sensitive  phonendoscope  (Fig.  3)  is  provided 
Uix  the  efficient  ap]>koati<ni  oi  tiie  auditofy  method. 


It  is  disc- shaped,  of  less  than  3  cm.  in  diameter, 
and  is  fitted  with  a  binaural  rubber  tube  in  one 
piece,  with  ear  plugs.  For  those  who  prefer  a 
firmer  fixture  in  the  meatus  than  the  plugs  alone 
afiord,  a  head  spring  is  made. 

When  devising  this  Uttle  phonendoscope,  I 
discoYered  that  its  maximum  d^iee  of  senaitiire^ 
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ness  depends  on  absolute  air-tightness :  a  con- 
dition not  found  in  other  phonendoscopes.  This 
important  quality  is  lost  even  by  the  invisible  prick 
of  a  needle  passed  through  the  lubber.  The 
observer  may  easily  tost  the  air-tightness  of  the 
instrument  by  suction  of  the  entrance  tube,  after 
withdrawing  from  it  the  rubber  tube,  and  then 
closing  it  with  the  tip  of  the  tongue,  when  the 
rubber  cover  will  remain  concave  if  the  tambour 
is  air-tight ;  but  will  not  do  so  if  the  tambour 
requires  recovering.* 

A  stout  rubber  band,  adjustable  to  all  sizes  of 
arms,  is  provided  for  keeping  the  phonendoscope 
in  situ  without  pressure  just  below  the  armlet. 

The  advantages  of  the  ph(mendoeeo|w  over  the 
end-piece  of  a  stethoscope  are:  (1)  increase 
sensitiveness;  (2)  avoidance  oi  pressure,  and 
especially  of  variable  and  uneven  pressure  over 
the  artery  ;  and  (3)  liberation  of  the  finger  of  the 
left  hand  for  palpation  of  the  pulse,  a  necessary 
adjunct  to  the  auditory  method.  A  further 
advantage  is  that  the  phonendoscope  can  be 
cfliciently  used  for  auscultation  of  the  lieait ; 
when  thus  employed  it  should  be  apphed  to  the 
chest,  under  the  gentlest  pressure — the  ebonite 
disc  attached  to  the  rubber  cover  merely  touching. 

*  Messrs.  Hawksley  will  recover  it  at  a  numiaal  coat. 
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V.  The  ScREW-CoMPRFsyop 

Many  observers  have  found  the  ?  r?  .v-com;"»r:osor 
(Fig.  4)  niore  satisfactory  than  t!  :  )>,^1!  ^>r  pamp 
filler  in  the  consulting-room,'  It  consists  ot  (1)  a 
strong  canvas  bag  adherent  to  (2)  two  small 
boards  (12  x  18  cm.),  through  which  (3)  a  strong 
rapid  screw  passes.  When  in  use,  the  tap  (A)  is 
opened  for  the  admission  of  air ;  the  wheel  (B)  is 
unscrewed  to  the  limit  of  the  screw ;  tap  A  is 


Fig.  4. 


then  closed,  and  the  wings  of  the  screw  are  turned, 
when  air  is  compressed  into  the  air-bag  and 
manometer,  previoudy  connected  by  the  rubber 
tubes  (C  and  D).' 

'  A.  MaeWUliam  and  G.  Spencer  Melvin  thus  refer  to  it  in 
Heart,  vol.  v,  p.  192 :  "  For  conveniently  graduating  the  applica- 
tion of  the  external  preeisure,  Olivw'a  aorew-ajmpresaor,  when 
employed  with  a  suitable  armlet  (witii  a  robbw  bag  (A  not  too 
Urge  capacity),  is  very  useful." 

*  The  ^capacity  of  the  (X)mfnmm  is  so  adjusted  to  that  oi 
th»  um!^  as  to  secure  compre!»ion  to  300  mm.  when  the  armlet 
k  tiom^  adltttted.  Should  tiie  etsy  taming  (A  the  screw  of  tb» 
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The  practical  advantages  of  ike  o(»npreas(7  aie : 

1.  The  avoidance  of  leakage,  and  its  conse- 
quence— a  falling  ind^ — from  a  defective  air- 
valve,  which  cannot  be  rectified  without  loss  of 
time  and  trouble.  This  not  infrequent  defect  of 
the  ball  or  pump  filler,  always  a  source  of  annoy- 
ance and  inaccuracy  in  observation,  is  ratirely 
obviated  by  this  valveless  arrangement. 

2.  The  much  more  satisfactory  control  of  the 
mercurial  index  by  the  screw  than  by  ball  or 
pump  filling.  The  adoption  of  screw-compression 
is  definite  and  easy. 

3.  The  smooth  and  even  rise  of  compression, 
which  may  be  made  as  rapid  or  as  slow  as  tlie 
observer  desires,  in  place  of  the  intermittent  incre- 
ments of  it  with  every  stroke  of  the  ball  or  pump. 

4.  Increased  precision  in  riding  the  pre«raira 
(systoHc  and  diastdie) — the  least  turn  of  tiie 
sfsew  dedding  the  exact  point  at  which  it  ^ould 
be  macb. 

It  is  true  that  these  advantages  are  practically 
secured  by  the  ball  filler  supplemented  by  the 
canvas  bag ;  but  in  the  consulting-room  the  screw- 
compressor  conveniently  combines  both  these  parts 
of  the  a^jMkxatfis. 

compressor  fail,  it  will  be  restored  by  letting  a  drop  of  oil  fftU  OD 
the  screw  when  the  wheel  is  unturned  tu  it«  fullest  extent. 


CHAPTER  II 


FUNDAMENTAL  DATA 

There  are  certain  physiological  data  which  the 
observer  in  his  preliminary  study  of  the  arterial 
blood-pressure  should  clearly  grasp.  I  shall  briefly 
discuss  the  l^iding  onai  widch  underlie  the  clinical 
variations  of  the  pressure;  and  in  doing  so  I 
shall  endeavour  as  much  as  possible  to  trace  from 
the  basis  of  physiology  the  beginnings  of  patho- 
logical deviations  which  find  expression  in  abnormal 
arterial  pressure. 

I.  The  Heart 

Though  the  left  ventricle— dispensing  its  load 
under  a  high  pressure  into  the  aorta — is  the 
master  hand  in  maintaining  the  arterial  blood- 
pressure,  the  height  to  which  that  pressure  rises 
depends  primarily  on  the  resistance  enccmntered 
in  the  peripheral  arterial  system,  and  in  the 
capillaries,  and  secondiy  on  ^e  response  c<  tte 
T«Eitracle  to  aveffume  that  renstuiice.  Qiroi  a 

It 
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normal  ventricle,  the  arterial  tonus  largely  deter- 
mines the  ventricular  response,  and  the  level  of 
the  arterial  blood-pressure ;  and  this  is  the 
keynote  of  the  physiological  and  pathological 
variations  of  tliat  pressure. 

Weight  of  the  Heart  as  Life  Advances. — The 
heart  continues  to  increase  in  all  its  dimensions 
as  life  advances,  viz.  in  length,  breadth,  and 
thickn^  of  its  walls,  the  greatest  increment  being 
detected  in  the  substance  of  the  left  ventricle 
and  the  ven^colar  septum  (M.  Bigot)  > ;  and 
with  every  advaucing  decade  the  weight  of  the 
organ  rises  (J.  Reid,'  T.  B.  Pbdcock,*  J.  Glen- 
dinning,*  and  Wilb.  Mttller*)>  J>  R^d's  figures 
also  indicate  that  in  males  the  decades  40-50 
and  60-70,  and  in  females  30-40  and  50-60, 
furnish  the  largest  increments  of  weight ;  and 
that  in  women  after  60,  the  weight  sUghtly  de- 
creases :  whereas  in  men  it  continues  to  increase 
^iiarkedly.  These  facts  are  in  conformity  with 
the  effect  of  work  on  the  heart  muscle  during  the 
course  of  Hfe,  and  especially  with  that  due  to 

*  Mtm.  de  la  Soc.  Midic.  d' observation  de  Paris,  torn,  i,  p.  2G2. 

*  Land,  and  Edin.  Monthly  Joum.  of  Med.  Scitnct,  1843,  p.  323. 

*  Ibid.  1846:  "On  the  wei^t  and  dimei»i<»a  <A  iSb»  \mitt  fat 
health  and  disease." 

«  Med,  Chir.  Trans.,  1838,  vol.  xxi,  p.  33. 
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the  increased  peripheral  resistance  which  normally 
sets  in  after  the  middle  period.  There  is  a  shght 
decrease  in  weight  during  the  years  of  senile 
involution  (70-100),'  when  the  work  of  hfe  decUnes 
generally.  * 

The  Heart  as  a  Mechanism.— E.  H.  Starling  and 
his  co-workers  (F.  P.  Knowlton,  J.  Markwalder, 
S.  W.  Patterson,  and  H.  Piper)  at  the  Instatute 
of  Phyaology,  University  College,  London,  have 
opened  up  an  interesting  chapter  on  the  mechanical 
bdiavioor  of  the  mammatian  heaxt,  isdated  feom 
all  nervous  control,  but  with  intact  respiration, 
under  known  conditions  of  arterid  r«»stance 
(arterial  blood-pressure),  inflow  and  rate.  This  is 
technically  known  as  "  the  heart-lung  prepara- 
tion." The  following  are  the  leading  results 
this  investigation : ' 

1.  When  the  inflow  (venous  filling)  is  main- 
tained constant,  the  output  from  the  left  ven- 

^  Geist  in  Klinik  du  Oreittnlaw^Aeiten,  1800. 

-  Lewis  has  observed  (Heart,  vol.  v,  1914,  p.  367)  that  much  of 
the  substance  of  the  hunuoi  heart  is  non-muscular,  whereas  in  dogs 
it  is  chiefly  muscular.  Tliia  fact  somewhat  redaoes  ec^enoy 
of  the  recorded  figures  of  the  weight  of  the  heart  In  the  successive 
decades  of  Ufe,  if  we  regard  them  as  representing  a  purely  muscular 
orgw ;  at  tiie  mudm  I  do  not  tii&ik  tint  it  timlkiatet  tits 
teaching  which  these  figures  afford. 

•  Journal  of  Phytieiogy,  toL  xUt.  1912,  p.  206 ;  vol.  zlvii,  1913. 
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^ele '  is  mialterai  by  rate  of  heart-b«kt  or  by 

the  resistance  presented  by  arterial  pressure.  The 
mechanism  is  therefore  perfect  for  the  complete 
systemic  delivery  of  all  the  blood  suppUed  to  the 
heart  by  the  veins. 

2.  Within  wide  limits  the  heart  is  able  to  increase 
its  output  in  direct  proportion  to  the  inflow.  In 
other  words  the  arterial  output  of  the  heart  is 
controlled  by  the  venous  input.  Therefore  under 
normal  conditions  the  greater  the  arterial  resistance 
the  higher  will  be  the  venous  pressure  for  any 
given  inflow,  and  the  sooner  will  the  inflow  attain 
its  optimum  and  the  output  its  maximum. 

3.  The  coronaiy  circulation  is  intimately  con- 
nected with  the  ekttea&l  blood-pressure,  ri»ng  and 
faUing  mth  the  pressure  at  the  root  of  the  aorta ; 
and  is  indej^ndent  of  ihe  totol  cardii^  ootpixt 
It  is,  moreover,  specially  increased  by  non-volatile 
metabohtes  generated  by  the  heart  muscle,  these 
products  being  the  most  potent  agents  in  causii^ 
dilatation  of  the  coronary  vessels.'  The  action 
of  the  heart  muscle,  therefore,  provideB  a  local 

^  The  Tentoioular  output  is  the  volume  of  Uood  per  heart-beat 
measured  beyund  the  opening  of  the  coronary  yewela  pitM  tbat 
which  circulates  through  the  walla  of  the  heart. 

*  Adrenalrae,  in  small  as  well  as  in  large  doses,  and  inenMad 
tension  of  carbon  dioxide  in  the  blood  also  dilate  the  coroiUtty 
vassels  (Journal  uj  Pnysiulogy,  vol.  xlvii,  1913,  pj;.  281-2). 
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mechanism  by  which  the  circulation  within  itself 
is  increased  to  meet  the  calls  made  on  its  func- 
tional capacity ;  and  thus  the  metabohsm  of  the 
heart  increases  or  diminishes  in  proportion  to  the 
mechanical  demands  made  upon  it,  the  chemical 
sources  of  energy  being  automatically  drawn  upon 
in  proportion  to  its  requirements. 

4.  Increased  arterial  resistance  increases  the 
volume  of  the  ventricle  and  prolongs  the  duration 
of  the  systole,  and  shortens  that  o!  the  diastole. 
As  already  mentioned,  it  likewise  increases  the 
venous  inflow;  thot^h  tiiis  influence  is  limited 
by  certain  degrees  of  resistance  in  the  arterioles 
and  small  arterias. 

These  observers  remaidk^  that  **  it  is  difficult  to 
imagine  a  more  perfectly  regulated  machine  than 
the  heart  "  ;  and  they  infer  tliat  the  underlying 
agency  of  this  remarkable  self-regulating  capacity 
depends  on  the  length  of  the  muscular  fibres  when 
in  a  state  of  tension,  i.e.  during  contraction.  It 
is  a  well-attested  fact  in  physiology  that  when  a 
muscle  is  stretched  to,  or  beyond,  its  physiological 
length,  or  the  maximum  length  ever  assumed 
during  life,  its  mechanical  energy  set  free  in  con- 
traction is  increased ;  '  the  muscle  being  then 

»  TeiObook  of  PhymAogy,  edited  by  Sir  E.  Schafer,  F.R.S.,  vol  ii, 
p.  243. 
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converted  into  a  new  state  possessing  chauKed 
elastic  properties  which  augment  the  tension 
energy  expressed  either  in  work  or  heat.'  The 
experimental  data  show  that  the  heart  reacts  to 
alterations  in  the  arterial  pressure  or  resistance 
by  changing  its  mean  volume ;  und  adapts  itself 
to  .  rising  pressure  by  dilating  until  its  muscular 
fibres  assume  such  a  length  that  on  their  contrac- 
tion they  produce  sufficient  tension  to  overcome 
the  increased  redstance,  and  then  it  continues 
to  empty  itself  as  effectually  as  before.* 

The  Reguiatitig  or  Control  Mecfaanssm  of  the 
Heart.— The  rate  and  rhythm  of  the  contractions 
of  the  heart  muscle  are  controlled  by  nerve  struc- 
tures. The  mechanism  for  this  purpose  comists 
of  the  nodes  and  bundles  of  neuro-muscular  fibres 
situated  in  the  heart  wall,  and  of  the  nerves  sup- 
phed  to  the  heart.  The  former  must  be  regarded 
as  the  fundamental  or  intrinsic  part  of  the  carcUac 
regulatory  system  (;i  fact  which  is  proved  by  experi- 
mental work  on  the  heart-lung  preparation)  which 
initiates  the  contractions  of  the  cardiac  nmsculature 
and  sets  their  rate  ;  whereas  the  latter,  or  extrinsic 

'  Weber  in  Wagner's  Uandwurterbuch  d.  Physiol.,  1846,  Bd.  iii, 
Abtii.  2,  S.  110 ;  A.  V.  Hill  in  /oum.  of  Fhyriol.,  vol.  xlvi,  1913. 

*  It  was,  however,  observed  that  for  six  or  eight  beats  after 
raising  the  arterial  resistance  the  heart  failed  to  empty  itself  com« 
pietely. 
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portio  I,  are  the  channels  (vagus  and  sympathetic) 
and  nerve  cells  or  gangUa  scattered  over  the 
heart  through  which  nerve  impulses  derived  from 
uU  parts  of  the  body  inhibit  or  accelerate  the 
heart's  action. 

The  slowang  of  the  heart  by  compressing  both 
eyeballs  by  the  fingers  or  of  the  brain  by  a  clot 
or  tumour,  etc.,  or  a  blow  on  the  stomach,  and 
the  quickening  of  it  by  fever  or  nervous  disturb- 
aiiee  axe  samples  of  this  reflex  linking-up  of 
nervous  impulses  derived  from  various  organs  and 
tissues  wi^  the  Beuro-muscular  cardiac  mediaoiam. 

Certain  pcKrtions  of  the  neuro-muscular  tissue  *  in 
l^e  h^urt  wall  ori^nate  coBt^ustacni  and  determine 
its  rate.  Two  mmk  centres  are  situated  in  the 
right  auricle  ;  one  the  sino-auricular  (S.A.)  node, 
between  liie  mouUis  of  the  venae  cavae,  and  the 
other  the  auriculo-ventricular  ^V.V.)  node,  in  the 
posterior  part  of  the  right  auricle.  These  nodes 
are  connected  in  the  auricular  septum  ;  and  from 
the  A.V.  node  there  proceeds  a  bundle  of  neuro- 
muscular fibres  (the  auriculo-ventricular  bundle) 

*  The  tissue  in  these  portions,  and  in  the  auriculo-ventricular 
bundle,  consista  of  those  primitive  muaculax  fibres  known  as  the 
fifacw  of  ftirktoje;  althoof^  nerves  are  presMit,  it  is  gem»^ 
^ffftttaH  that  the  functions  of  initiating  the  beat  and  conducting 
tl»  bnpabe  belong  to  the  muscular  rather  than  to  the  nervous 
tiarae  lawnt.  (W.  D.  H.) 
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which  is  distributed  along  the  intra- ventricular 
septum  to  the  internal  portions  of  the  heart  wall 
as  far  as  the  apex  and  terminates  in  the  niusculi 
papillures.  The  S.A.  node  has  been  denominated 
"  the  pacemaker  of  the  heart  "  ;  and  the  A.  V.  node 
co-ordinates  the  auriculo-ventricular  contractions. 
Provision  is  thus  made  for  the  co-ordinated  con- 
traction of  all  the  chambers  of  the  heart  mechanism. 

This  system  of  fibres,  when  disorganised  by 
fatty  degeneration,  is  the  seat  of  the  more  serious 
form  of  the  pathological  irregularities  of  the 
heart.  Several  observers,'  ^  -t  example,  have 
proved  l^t  one  of  these  arh} :  .jmias,  heart-Uock, 
is  traceable  to  interruptions  in  the  A. V.  bundle ; 
for  when  in  animals  this  bu^k  is  dunped, 
crushed,  or  cut,  heart-block,  "either  partial  or 
complete,  such  as  is  met  with  u  clinical  obser- 
vation, is  pnduced— the  normally  co-ordinated 
auricular  and  ventricular  rhythms  becoming  dis- 
associated and  independent,  and  the  latter  always 
slower  than  the  former. 

When  the  pulse  is  irregular,  as  in  heart-block, 

*  VVooldridge,  Ludwigs  Arbeiten  and  Arch.  f.  Anat.  u.  Physiol. 
1883,  p.  533 ;  Tigerstedt,  Ludwiga  Arbeiten  and  Arch.  f.  Anat.  u. 
Physid.,  1884,  p.  503;  MaoWilliam,  Joum.  of  Physiol.,  1886, 
vol.  ix,  p.  177  ;  Joseph  Erlanger,  Joum.  of  Exper.  Med.,  New  York, 
1906,  vol.  Tiii,  p.  13.  Cited  by  Sir  Laiaier  Bmnton,  Therap.  of 
At  Circviatvm,  2nd  ed.,  1914. 
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auricular  fibrillation  or  flutter,  cxtraaystole,  or  in 
"pulsus  alternans,"  the  ventricular  contractions 
are  arhythniic  not  only  in  point  of  time,  but  in 
that  of  force.  Hence  it  is  that  irregularity  of  the 
pulse  makes  it  sntiiewhat  difficult  to  estimate  the 
arterial  blood-pressure,  as  this  varies  in  the  indi- 
vidual pulsations,  or  in  many  of  them,  and  the 
observer  can  only  exprw  it  in  teniui  ol  miniinmn 
and  maximum  limits.  Some  forms  of  irregolarity, 
howevw,  interfere  mik  observation  of  ^e  pres- 
sore  in  a  maoh  less  degree  than  those  dne  to 

heart-block/'  Fot  example  in  **  extrasystde/* 
when  tile  interrapti(»is  are  not  too  frequent,  a 
fairly  satisfactory  reading  can  be  made;  and  in 
'*  ptdsos  alternans  "  the  weaker  alternate  polsft- 
tions  can  be  eliminated  at  a  lower  level  of  pressure, 
the  pulse  rate  being  thus  reduced  to  one-half,  and 
the  remaining  stronger  beats  can  be  read  ofi  at  a 
higher  level.' 

Cardiac  irregularities  and  the  time  relations 
of  the  auricular  and  ventricular  portions  of  the 
rhjrthm  of  the  heart  muscle  have  been  investi- 
gated with  a  rich  harvest  of  results  by  Sir  James 
Mackenzie's  polygraph  '  and  by  the  string  gal- 

*  C.  O.  Hawtiiome,  "  Pabos  Alternans  in  its  Cliaieftl  Aspects," 

Lancet,  1915,  vol.  i,  p.  1125. 

*  Diseases  of  the  Heart,  by  Sir  James  Mackenzie,  MJ>.,  F.B.S., 
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▼anmnet^.*  Thow  instTtmumts  revei^  the  mode 
of  working  of  the  cardiac  mechanism  ;  bot  ^af 
are  not  clesignefl  to  estimate  the  blood-pressure  in 
^e  peripheral  vessels,  which  is  the  province  of  the 

manometer. 

The  Rate  of  Systole.—  When  the  rate  is  increased 
or  diminished,  the  normal  duration  of  diastole 
is  disturbed  to  a  far  greater  degree  than  that  of 
systole.  For  example,  when  the  heart's  action  is 
quickened  by  stimulating  the  accelerator  nerve 
in  animals,  the  length  of  the  diastoUc  or  resting 
interval  is  shortened  {e.g.  from  0*299  to  0*044  sec.) 
far  more  than  that  of  the  iTstofic  period  {e.g. 
frmn  0'253  to  0*210  sec.) ;  and  when  it  is  slowed 
by  excitation  of  the  vagus  the  diastdic  rest  is 
more  prolonged  {e.g.  from  0*373  to  0*6%  see.) 
than  during  systoUc  activity  {e,g.  from  0*149  to 
0158  sec.).« 

As  it  is  generally  held  that  prolongation  of 
d^MtdKc  WBk  wit^n  certain  physicdoi^oal  timits 

*■  A.  Waller.  Jowm.  of  Pk^aiotoffy,  1887,  vol.  viii,  p.  229 ;  lanctf, 

1913.  vol.  i,  p.  1435  ;  Einthoven.  Annal.  tf.  Physinl.,  1903,  vol.  xii, 
p.  1059;  Lewis,  Mechanitm  of  the  Heart's  Beat,  1911  ;  and  other 
wovken  too  numerous  to  mention.  The  reader  will  find  an  nod- 
lent  r^urae  of  the  conatniction  and  tise  of  th  ring  gidranomet^r 
in  Sir  Lauder  Brunton's  excellent  little  manii  i:.  TherapeuHea  of  the 
CirailaHtM,  1914. 

^  TexAotA  0/  Pl^/molon,  by  Sir  A.  E.  Sdiate,  F  JI.S.,  eto.,  toL  ii, 
p.  3tf. 
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is  favourable  to  recuperation  of  the  heart  itui  cle, 
it  is  not  iin]»rohahh'  that  an  al^brevialioii  <>i  tfu^ 
heart's  resting  jKuiiHl  by  acceleration  of  liie  rar*' 
of  systole  beyond  that  normal  to  age  will  tend 
to  impair  the  well-being  and  integrity  oi  ^ 
heart  as  a  mechanism.  But  in  dramf  tim 
inference  we  should  keep  in  mind  other  qisihfying 
conditions,  such  at  a  rise  in  the  i^rt*eMc  fwe^e, 
which  prolongs  the  duration  of  the  i^st<^  and 
increases  the  v<^ume  of  the  e^ssmaj  mif^ 
(p.  16).  Is  it  not  probable  th*  the  rise 
^stohc  pr«wure  observed  in  the  later  deeades 
d  life  is  an  impOTtant  factor  in  maintaining  on  a 
higher  level  the  metabohsm  of  the  heart  muscle  ? 

But  augmentation  of  the  systohc  pressmv  does 
not  seem  to  be  a  necwsary  condition  of  efhriont 
metabohsm  throughout  life.  In  the  constructive 
OT  anabohc  form,  which  predominates  from  birth 
to  the  completion  of  adolescence,  the  pressure  is 
nmcli  lower  and  the  frequency  of  ventricular 
contraction  is  greater  than  in  the  middle  or  in 
the  later  periods  of  life.  It  would  seem  that  in 
the  growing  stage  the  anaboUc  activity  of  the 
cell  is  at  its  optimum  and  m«Rif  reqmies  an 
ample  supply  of  blood  under  a  cMnparatively  low 
pressure ;  but  as  Hie  advaneee  into  tibe  settled 
periods  in  whidi  1^  kataboie  acte  of  i^k^eism 
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develops  more  fully,  the  aid  of  increased  pressure 
seems  to  be  more  and  more  needful. 

Experiments  on  the  heart  of  the  frog  or  mammal 
show  that  the  rate  of  systole  also  influences  the 
arterial  pressure ;  for  when  it  is  reduced  by 
stimulating  the  vagus  the  pressure  falls,  and 
when  it  is  increased  by  catting  both  vagi  or  by 
stimulating  the  acMselerator  nerve  the  force  of  the 
contractions  increases. 

The  Total  Ettergy  or  Mechanical  Efficiency  of 
the  Mammalian  Heart  has  been  estimated  in 
the  "heartrlung  preparation"  by  the  oxygen 
usage  or  gaseous  metabolism  of  the  heart 
(Evans  and  StarUng, '  Evans  and  Matsuoka  •). 
Evans  and  Matsuoka  have  observed  that  the 
total  cardiac  energy  indicated  by  oxygen  usage 
during  exercise  is  at  least  three  times  that  recorded 
during  rest ;  that  other  conditions  of  experiment 
being  the  same,  it  is  increased  by  raising  the 
arterial  blood- pressure,  by  augmenting  the  output, 
and  in  a  smaller  degree  by  accelerating  the  velocity 
of  the  blood-flow ;  and  that  whenever  it  is  thus 
raised  the  increment  advances  to  a  certain  Hmit 
beyond  which  it  diminii^^  again.  Fatigue  pheno- 
mena were  seen  in  a  lowered  efficiency  a^m- 

*  Journ.  of  Physiology,  vol.  xlix,  1914,  p.  67. 

*  Ibid,  vol  xliz.  191S,  pp.  378-406. 
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panying  cardiac  dilatation.  These  results  accord 
with  the  close  parallel  between  cardiac  energy 
and  heart  volume  (length  of  the  cardiac  fibres) 
demonstrated  by  Patterson,  Piper,  and  StarUng. 

The  aggregate  work  of  the  human  heart  in 
twenty-four  hours  can  only  be  expressed  in  huge 
figures.  O.  N.  Stewart  oabulates  tliat  ijie  normal 
duly  work  of  the  two  ventridei  is  about  22,000 
kilogramme-metres,  which  is  enough  to  raise  a 
weight  of  6  lb.  frcnn  the  bottom  of  the  deepest 
mine  in  the  world  to  the  top  of  the  highest 
mountain,  or  to  raise  the  man  himself  to  twice 
the  height  of  the  spire  of  Strasburg  Cathedral,  or 
three  times  the  height  of  the  loftiest "  sky-scraper  " 
of  New  York.  >  These  illustrations  of  the  twenty- 
four  hours'  work  of  the  normal  heart,  maintaining 
a  systolic  arterial  pressure  of  120  mm.  Hg.  or  so, 
are  striking  enough ;  but  a  calculation  based  on 
the  work  of  a  ventricle  sustaining  an  arterial 
pressure  of  from  200  to  240  mm.  Hg.  must  yield 
still  more  impressive  figures  of  the  enormous 
contractile  energy  of  the  heart  expended  day  by 
day. 

Augustus  WaUer  estimates  the  duraiaon  of 
^e  ^bdly  work  of  the  hwrt  as  nine  hours,  the 

^  A  Manual  of  Physiology,  by  G.  N.  Stewart,  M.A.,  D.So.,  etc., 
Sth  adM  1006,  p.  IIS. 
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resting  period  being  fifteen  hours,'  and  he  regards 
a  heart  working  cmly  eight  hours  as  a  good  one, 
and  a  heart  which  works  thirteen  hours  as  un- 
satisfactory.* 

Inefficiency  of  the  Heart  Muscle.  Increase 
of  Heart  Volume.    Dilatation.-  In  the  course  of 
their  experiments,  E.  H.  Starling  and  his  co- 
workers obsen-ed  that  the  power  of  adaptation 
of  the  heart  muscle  to  variations  of  inflow  and 
arterial  resistance  has  its  limits.    They  found 
that  the  musculature  tends  to  deteriorate  steadily 
during  the  course  of  an  experiment,  as  shown  by 
the  fact  that  at  the  end  of  systole  the  heart  will 
contain  more  and  more  blood,  and  consequently 
its  muscle  fibres  will  work  under  an  inczeasng 
mechameal  disadvantage.   This"  failure  may  ahow 
itself  either  under  the  stress  of  high  rcmstance,  or, 
after  reducing  the  arterial  pressure,  the  heart, 
after  apparent  recovery  of  volume,  may  slowly 
d^te  under  the  lowered  pressure ;  and  it  "  can 
occur  either  with  a  small  or  a  large  inflow,  only 
the  failure  will  occur  at  a  lower  arterial  resistance 
with  a  large  than  with  a  small  inflow."  '  In- 
efficiency of  the  heart  muscle  is  due  to  diminution 

I  Introduction  to  Human  Pki/tiology,  by  Augustus  Waller,  M.D., 
F.R.S.,  p.  52. 

^  Oliver-Sharpey  Lectures,  Lanett,  191$,  VfA.  i,  p.  159^ 
»  Joura.  of  PAyawl.,  vol.  xlviii,  m4»  p.  4**- 
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of  physiological  fitness  or  tone,  which  is  dependent 
on  the  supply  of  oxygen  plus  nutrient  material 
conveyed  by  the  coronary  circulation  and  of 
metabohtes  generated  by  the  contracting  muscle 
itself  (see  p.  16).    Though  the  coronary  flow  is 
proportionate  to  the  arterial  pressure,  the  muscle 
fibres  may,  nevertheless,  give  out  under  the  stress 
of  a  high  pressure  when  the  inflow  is  lai^.  Pri- 
mary dilatation  of  the  heart,  which  may  slowly 
develop  after  the  sadden  lowering  of  artoxial 
resistance,  is  due  to  the  diminished  blood  supply 
to  the  heart  muscle.   Observation  of  the  normal 
isolated  heart  liiecefore         ik$^  imder  a  rising 
arterial  resistance  the  heart  volume  is  increased 
whether  the  musculature  is  effici^t  or  not ;  the 
only  difference  being  that  in  the  former  case  the 
inflow  is  completely  discharged,  and  the  diastoUc 
level  is  therefore  unaltered,  whereas  in  the  latter 
residual  blood  collects  in  the  heart  between  the 
contractions  and  dilatation  becomes  more  and 
more  pronounced. 

Evans  and  Matsuoka  '  have  shown  in  their 
experiments  on  oxygen  usage  of  the  heart  that 
fatigue  phenomena  begin  with  lowering  of  the 
gaseous  metaboUsm  and  retardation  of  the  pulse 
rate.   These  observers  also  remark  **  that  as  til© 

»  Op.  eU. 
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heart  becomes  exhausted,  its  volume  increases 
and  its  gaseous  metabohsm  is  increased.  Sup- 
posing now  that  the  heart  ultimately  fails,  how 
does  its  gaseous  nietaboUsni  behave  ?  The  answer 
is  that  the  heart  may  fail  in  one  of  two  ways,  and 
that  the  gaseous  metabohsm  will  be  influenced 
by  the  mode  of  failure.  The  first  method  of 
failure  is  that  the  heart  is  confronted  with  work 
which  is  too  great  for  it,  it  dilates  maximally, 
and  ceases  to  expel  its  contents,  thereby  dying 
oi  asphyxia  if  we  i^uce  the  inflow  or  preanoe 
and  empty  the  heart  by  maau^e  or  by  drawing 
blood  from  veins  before  it  succumbs,  it  wiU  lemme 
work.  There  is  every  rei^n  to  suppose  in 
such  a  case  the  ener|^  usage  of  the  heart  is  maximal 
until  it  is  asphyxiate  There  is  no  slowing  un^ 
asphyxial  symptoms  set  in  in  the  heart  tissue.  .  .  . 
The  result  of  one  of  our  experiments  suggests  that 
there  is  a  second  method  of  failure,  viz.  by  ex- 
haustion, in  other  words  by  failure  of  its  metabolic 
processes,  which  is  of  course  the  terminal  condition 
in  the  other  mode  of  failure  if  the  condition  of 
stress  is  not  relieved  sufficiently  early."  > 

These  physiological  data  demonstrate  that  the 
primary  effect  of  stress  from  increased  arterial 
resistance  on  the  heart  muscle  is  to  elongate  the 

*  Op.  cit. 
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muscular  fibres — in  other  words,  to  dilate  the 
heart.  In  cUnical  work  the  same  sequence  of 
events  is  constantly  found ;  for  the  first  effect 
of  hypertension  is  to  dilate  the  heart,  as  shown 
by  the  moving  outwards  of  the  apex  beat  '  and  by 
the  increased  area  of  the  heart  demonstrated  by 
percussion  and  by  the  auscultatory  use  of  the 
tuning-fork. 

Compensatory  Hypertr^y.— The  first  rt^  in 
e<»npensation  to  meet  a  rising  arterial  resistance 
is  i^r«tohir^     ^  eardiae  muMiuIar  fibi^ ;  a^ 
this,  as  we  have  seen,  is  proved  by  physiological 
experiment.   But  the  next  step  to  further  enforce 
eontraction  so  as  to  prevent  loading  during  diast(de 
cannot  be  demonstrated  in  the  laboratory,  because 
in  an  wcperimcnt  the  time  '•equired  for  its  develop- 
ment is  not  available.    That  step  is  the  prolifera- 
tion of  rmscular  fibres  known  as  compensatory 
hypertrophy  ;   and  the  proof  of  its  existence  is 
amply  provided  by  pathological  observation.  It 
has,  however,  its  physiological  counterpart,  though 
in  a  minor  degree,  in  the  normal  hyperplasia 
which  contributes  to  the  increased  weight  of  the 
heart  in  the  course  of  life.*  The  conditions  nec^ 
sary  for  its  development  are  (1)  the  perastence 

»  Blood  and  Blood- Pressure,  by  the  author,  1901. 
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of  the  increased  arterial  resistance,  (2)  the  ampli- 
tude and  efficiency  of  the  coronary  circulation, 
and  (3)  the  presence  in  the  blood  of  a  sufficient 
supply  of  non-volatile  nietabohtes  and  adrenaUne, 
oxy-haenioglobin,  and  a  plasma  well  charged  with 
constructive  elements.  CUnical  observation,  for 
example,  has  shown  that  when  the  coronary  circu- 
lation is  defective,  as  in  some  cases  of  moderate 
or  slight  hypertenidon  with  congenital  at  sclerotic 
narrowing  of  the  coronary  arteries,  compensatory 
hypertrophy  may  be  insufficiently  established,  and 
i^bto  <»rc^  failure  may  oemir  with  or  without 
anginoid  symptoms.' 

The  high  arterial  piefimire  <^  cmnpensatory 
hypertrophy  from  increased  arterial  resistance  is 
accounted  for  by  the  fact  that  the  hyperplasia 
is  implanted  on  the  dilated  state  of  the  heart 
muscle ;  for  it  is  well  known  that  the  force  of 
contraction  is  proportionate  to  the  increased  radii 
of  the  ventricular  cavity.'  In  this  way  the  heart 
becomes  a  much  more  powerful  organ  than  is  ever 
met  with  under  ordinary  physiological  conditions, 
and  is  doubtless  capable  of  maintaining  efficiently 
all  the  higher  ranges  of  systohc  blood  -  pressure 
met  with  in  cUnical  observation. 

^  Guthrie  Rankin,  Lancet,  1914,  vol.  ii,  p.  820. 

*  Tex&Q^of  PhysMogy,  by  Sir  A.  E.  Sdiifer.  F.R8.,  vd.  ii,  p.  40. 
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Decompensation.—  Compensatory  hypertrophy 
due  to  increased  arterial  resistance  may  maintain 
the  efficiency  of  the  circulation  for  many  years. 
As  a  rule,  however,  it  ultimatdy  drifts  into  de- 
compensation, when  the  musenlar  fibres,  invaded 
by  fibrotic  and  fatty  degeneration,  wraken  and 
beeome  unable  to  deEver  ihm  fxM  load,  and  the 
vdume  of  the  heart  farther  increases;  and  the 
heart's  action  ceases  from  car^ae  lukre. 

The  ^ransiticm  from  competency  to  incom- 
petency is  generally  indicated  by  an  alteration  of 
tha  blood-pressure  in  the  arteries  and  veins.  As 
a  rule  the  arterial  pressure  may  fall  somewhat, 
though  it  frequently  does  not ;  but  the  venous 
pressure  undergoes  a  much  more  decided  change, 
maintaining  a  higher  level  which  increases  pari 
passu  with  the  incompetence  of  the  heart  muscle. 

II.  The  Abtsbibs 

In  order  to  reafise  the  part  played  by  the  arteiiei 
in  detramining  tilw  blood-pressure  within  iimat  it 
is  not  neceaury  to  study  their  structure  in  minute 
derail  Tkmime  I  terui^  the  foUowing  rammary 
win  suffice  ior  the  purpose  of  tiiis  woik.^ 

'  In  writing  this  summary  I  am  mmeh  indebted  to  the  exceUmt 
Beport  on  Arterial  Dtgener^Mm  ond  ita  Premature  Occwrenc*  by 
F.  W.  ABdnww.  M.D..  F.R.C.P.,  F.R.S.  (the  QoTWimMnt  Report 
of  tlw  Ifodiml  OfBoOT.  19U-12,  FsbUrind  ia  181S). 
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The  Properties  of  the  Elemental  Tissues  of  the 
Arterial  Wall.— Of  the  three  tissues  employed  in 
building  an  artery,  the  fibrous  serves  for  scal^olding 
and  resistance,  the  elastic  for  stretcliing  und 
recoil,  and  the  nmscular  for  contraction  and  relaxa- 
tion under  sympathetic  nerve  control.  Speaking 
broadly,  the  fibrous  tissue  is  practically  inactive, 
whereas  the  elastic  and  muscular  are  the  active 
or  working  tissues.    They  are  all  liable  to  de- 
generation, to  automatic  hyperplasia  in  response 
to  requirement,  and  to  be  the  seat  of  depofflti<m  ei 
material  (caldum  and  cholesterol-fats)  conveyed 
to  them  by  the  blood  horn  elsewhere.  The 
nutrition  of  these  tissue-elements  is  maintained 
by  the  "  vasa-vasorom "  which  ramify  in  the 
adventitia  and  the  outer  third  or  half  of  the  media, 
and  by  the  blood  which  bathes  the  intima. 

TheGeneral  Distribution  of  the  Tissue-Elements 
in  the  Arterial  Wall.— The  scaffolding  of  fibrous 
tissue  exists  in  much  the  same  proportions  in  all 
arteries  (large  and  small),  preponderating  in  the 
outer  coat  and  pervading  in  an  inconspicuous 
degree  the  middle  coat,  where  it  supports  the 
other  tissues,  vessels,  and  nerves.  But  the  dynamic 
tissues  (elastic  and  nmscular)  are  not  distributed 
throughout  the  arterial  system  in  anything  like 
the  same  degree  of  uiflformity. 


ill  iTriiifiw  iivm  iff 
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In  the  larger  arteries  (such  as  the  aorta,  pul- 
monary, coininon  carotid,  subclavian  and  common 
iliac)  the  proportion  of  elastic  tissue  predominates 
over  that  found  in  the  smaller  vessels.  These 
arterira  are  therefore  classified  as  "  elastic." 
In  the  aorta,  for  example,  the  tliick  sheets  of 
elastic  tiiStte  disposed  throughout  the  middle 
coat  are  equal  in  bulk  to  ^t  ol  the  museolas 
dement. 

The  medium-ffixed  and  «ni^er  artenes  and 
arterioles  distributed  to  the  differ^it  cngans  and 
tissues  possess  a  similar  preponderance  of  un- 
striped  muscle,  and  are  therefore  denominated 
'*  muscular  "  arteries.  In  them  muscle  constitutes 
practically  the  whole  of  the  middle  coat,  the  elastic 
tissue  consisting  only  of  a  few  straggUng  branching 
filaments  among  the  nmscle  fibres,  and  two  layers 
(internal  and  external  elastic  laminae)  between 
the  middle  and  the  outer  and  inner  coats. 

The  Functions  of  the  Elastic  and  Muscular 
Elements. — A  good  notion  of  the  part  played  by 
the  elastic  and  muscular  tissues  of  the  arterial 
wall  in  maintaining  the  normal  circulation  may 
be  reaMsed  by  c(»i(»iving  wh&t  would  happen  if 
1^  arterira  were  mere  fibrous  or  rigid  tub«s ;  for 
in  that  cms  the  Mcti<aiid  resistance  to  be  o¥«^ 
&xm  by  the  hesat  wcM  be  enormoiu,  «^  ^ 
3 
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arterial  blood-piessure  would  alternate  between  a 
high  nuudmum  and  a  low  minimum  degree-  the 
latter  approximating  to  zero  in  proportion  to  the 
vdume  of  outflow  into  the  capillaries.  The  ab- 
sence of  the  elasticity  and  musculature  of  the 
arterial  wall  would  therefore  involve  waste  of 
cardiac  energy  and  reduction  of  efficiency  through- 
out the  whole  circulation. 

The  elasticity  of  the  arterial  wall  pofliCiBOS  the 
rubber-like  property  of  yielding  under  internal 
pressure  and  of  reccnhng  when  the  pressiire  is 
withdrawn;  and  ezperim«it  shows  that  this 
capacity  is  complete,  the  recovery  being  absdate 
on  cessation  of  internal  stress.  >  In  this  way  the 
work  of  the  heart  is  eecmimiised ;  fc»  the  output 
of  l^e  intermittent  ventricular  ccmtraction  stretches 
the  large  vessels,  and  the  energy  thus  stored  is 
expended  by  their  recoil  durii^  diastole.  Thus  it 
is  that,  while  the  heart  is  recuperating  after  its 
effort,  the  elasticity  of  the  great  vessels  is  the 
most  effective  agent  in  securing  a  sustained  flow 
through  the  arterial  system  at  a  much  higher 
level  of  minimum  pressure  than  would  be  at  all 
possible  in  fibrous  or  rigid  vessels. 

But  surely  in  performing  this  important  work 

I  Teaibook  of  Phytiokgy,  edited  by  Sir  £.  A.  Soh&fer,  F.B.S., 
ToL  ii,  p.  74. 
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the  elastic  elements  of  the  great  arteries  must  be 
enforced  by  the  co-operation  of  the  muscle  fibres 
amply  present  in  their  middle  coat.  Such  a  con- 
joint agency  is  apparently  the  teaching  of  ex- 
periment which  shows  that  arteries  can  practically 
empty  themselves  into  the  veiiui  when  the  heart's 
beat  is  stopped  by  vagus  inhibition ; '  for  it  is 
difSeiilt  to  conceire  that  the  daftk^  ot  ik» 
arteries  alone  will  suffice  to  unk>ad  them. 

The  museulatare  of  the  arlanea  (1)  ai^  the  fiow 
of  blood  through  the  artetial  system  and  is  ^ns 
ancillary  to  the  heart  and  arterial  elasticity ;  and 
(2)  it  regulates,  by  virtue  of  its  contraction  and 
dilatation  under  sympathetic  nerve  stimulation, 
tL:  listribution  of  blood  to  the  different  organs  ac- 
cording to  their  requirements  in  states  of  action 
and  rest.  A  good  example  of  the  regulating 
capacity  of  contractility  is  afforded  by  the 
cutaneous  circulation. 

The  arterial  wall  varies  very  greatly  in  thickiiCBs 
and  in  distensibility  to  internal  pressure  in  different 
individuals  of  the  same  age  anf^  at  different  ages. 
In  wasting  diseases  (such  aa  phthisis,  etc.)  it 
attenuates  and  softens,  and  becomes  abaoimi^ 
distensible,  and  generally  after  middle  life  it 

^  Textbook  of  Phytiolon,  edited  by  Si'  £.  A.  Schafer,  F.R.S., 

to!,  a.  p,  H. 
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graduaUy  tdSeai  «•  tl»  y«»»  advMCt,  Mi  ^ 
diitensibility  leaimaa.  In     former  ctie  the  trend 
of  Hie  eyslolic  preisure  ii  downwurda,  »ind  in  tbe 
latla  it  it  upwardb.  In  the  less  dif»r.  nsiole  artery, 
the  prewure  not  only  rises,  Init  th.  lauge  of  its 
variatious  is  considerably  exte  ii  d      •  that  any 
increment  of  the  ventricular  ontr  i,    '  ihe  f(  ce 
of  ventricular  contraction,  of  th    volumr-  cf  the 
blood,  and  of  the  peripheral  resistaiK  >\  ar  inuf^ 
effective  in  raising  it,  than  when  the  aitei  ies  retain 
their  normal  softness  and  elasticity.    The  <  '  t^tic 
tissue  richly  distributed  through  the  arterial  wal 
forms  a  perfect  spring  which  works  conjointly  wi^ 
the  normal  musculature  to  mature  numhttod; 
then,  or  about  that  tame—it  may,  in  incite! 
cases,  be  earlier  or  lat«p— theitress  of  ^e-work  » em 
the  ss^bM  wan  mSmm  ft  pt^Ki^n  ^  ^ 
fibrous  aod  muscular  ilBsnes,*  which  shoidi  be 
re^odei  as  an  adfnstoent  tos  tiie  prolongation  ol 
the  wcnMag  <»pa<sty  of  the  arteries.   When  the 
co-efficient  ^  riasticity  begins  to  fail,  it  may  be 

»  On  renlising  that  the  aortic  w    1  a  stretched  by  tl.-  ventricular 
output  o^er  1,576  million  timep   a  forty  yuMS,  ux  yuhe  rate 
being  taken  m  Bevwity-five  per  i  inuto.  *•  etm  wdl  eooflwre  how 
its  elaati^  B»jr  teooM  ifflpa-^  «  A»  nlflhiaiwt  «i 
life. 

»  The  local  proliferation  ot  tbe  moientrton  is  1^  mU«1  aarta^ 
■o  frequently  met  with  in  h«ad  Wboia«»  ii  paaiaifeF  <^ 
oi  loeal  pbysioai  overwork. 
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are  tqp^sefy  ei^wed  with  ruasei^  ^wae,  h<e<HP6 
ia  ^  tonwa  media  and  i  i!  cii  ^idventitia ;  and 


thtis  the  chances  of  further  w«  '  '  \g< 
widi«r  the  i^ain  »f       v  ork  im©c>  ^ 
Tcduc*  i.    But  w^  ateveT    dva      »e  ^ 
gained,  n  ill  1    at  s  <•  exp«  nse  ; 
of  the  plastK-  I  'rt}     f  ihe 
which  ni  v         >•     l>y  i>i 
musculat    "  in  th'  unic. 
partner  o     ast'  i 
?  ow  Hecouit       te  * 
uiuscu  u-  tisK      of  th 
adjuBt    Piii      !ieu  tht 
bi'COs         eduviid  I'V 

fm  aseh  am  arte 


i'>u  it  are 
be  thus 

he  range 
i  d 
>n  ot  he 
which  is  the  .  o- 


li  lier  yeaiH  of  life,  and 
ilyperpkoia  of  the 
artery  is  the  importi«t 
day  of  the  artorial  wall 
C^ati^  of  fibrous  tisstte ; 

tld*  o«Qpei»at»m, 
i}4e  a  i^d  tube  tiiioi^^ 
^-hk"^  i^e  pF^Sie  r 4  Aei  intermittently  ti^oeled 
m  tfi        m  f  jcticafly  to  aero,^  between  the 
(M    rvffitios,  however,  demonstrates  tiiat 
t  *  le  fsmmme  in  normal  elderly'  sub^ts 

tti      ^  ift^  does  not  fall,  and  att  a  rule 

»  liift  de\    7pm«i\        roiis  tissue  in  the  arterial  wall  is  probably 
a  pari  of  the  gBDeroliaed  hypoplasia  of  it  which  pervades  the 
filv<  -eiastie  tissue  tbroughout  the  body  in  the  eldsriy  tad  aged.  It 
is  Rot  improbable,  however,  that  it  may  acmatiBSM  falTwia  tiM 
b^toe  it  maoiiMta  itself  elsewhere. 


'Ml.' 
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remains  unaltered,  or  may  even  be  slightly  raised ; 
and  this  fact  can  only  be  accounted  for  by  the 
proUf  eration  of  mnscnlar  fibres  which  holds  up  the 
trough  of  the  pulse  wave  to  the  nwrmal  level  or 
slightly  above  that  level.  The  compensation  by 
hyperplasia  of  the  musculature  may  exceed  or  fall 
short  of  phyaological  requirement,  and  may  either 
raise  somewhat  the  diastolic  pressure  or  lower  it. 
In  the  lattCT  case,  as  in  atheroma,  the  superficial 
arteries  (e.y.  the  temporal,  etc.)  are  apt  to  become 
tortuous.* 

During  systole,  the  function  of  the  musculature 
of  the  arterial  wall  is  to  raise  the  arterial  tonus 
which  (1)  stimulates  the  ventricle  by  increasing 
the  peripheral  resistance,  and  (2)  accelerates  the 
velocity  of  the  blood  by  diminishing  the  calibre  of 
the  arteries  ;  and  during  diastole,  the  aortic  ei^  of 
the  arterial  system  being  closed,  it  »  eonjmned 
with  the  elastic  recoil  in  maintaining  the  onward 
flow,  the  vdocity  of  whksh  is  enforced  by  iwe^ 
contraction.  The  arterial  musculature  is  therefor© 


»  "Marked  tortuosity  means  that  the  arterial  tone,  which  rowito 
elongation  as  well  as  transvene  expansion,  has  been  deficient  eMwr 
•Uolutely  or  rdiitivriy  to  th*  internal  preaaure.  An  artery  with 
deficient  tone  may  elongate  and  become  tortuous  with  normal 
internal  pressure,  while  another,  even  with  increased  toM,  ^y, 
•ftw  »  *'aa»,  yieH  to  ew^ive  internal  pressure."  (J.  A.  Mae- 
WitliMii  aod  J.  E.  Ksma,  Bmt,  vol  iv,  1913,  p.  309.) 
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an  important  factor  in  accelerating  velocity  through- 
out the  whole  cycle  of  the  arterial  blood-pressure. 
When  the  arterial  wall  becomes  less  extensible, 
either  from  textural  changes  or  from  a  supernormal 
blood-pressure,  its  muscular  fibres  develop. 

In  support  of  this  conclusion,  we  possess  a  fair 
amount  of  evidence— post-mortem  and  clinical — 
and  doubtless  further  post-mortem  observation  on 
the  musculature  of  the  arteries  in  cases  of  hyperten- 
sbnwiUsabsluitiate  and  amplify  that  e?Kteiee.  Sir 
6.  Johnson  and  HowsUp  Dickinson  hdd  this  view, 
and  among  more  recent  writers  H.  D.  BoU«tton  *  has 
^owB       Itei  Is  a  gea^aiised  increase  in  ^ 
arterial  mnscnlar  fibrra  in  renal  disease,  in  which 
arteridi  hypotension  is  a  prvHEninent  clinical  feature ; 
and  T.  D.  Savill '  demomtrated  the  existence  of 
hypertrophy  of  the  muscular  tissue  of  the  arteries, 
des^nated  by  him  "  arterial  hypermyotrophy,"  in 
cases  similar  to  those  described  by  Sir  Clifford 
AUbutt '  under  the  term  "  hyperpiesis."  Clinical 
observation  also  supplies  us  with  some  data  which 
show  that  those  in  whom  the  arterial  pressure  is 
supernormal,  whether  associated  or  not  with 
arterio-sclerosis,  are  more  particularly  liable  either 

»  Lancei,  1895,  vol.  ii,  p.  137. 

*  BritiA  Mtd.  Jowntal,  1891.  toL  ii,  and  1897.  voL  L 
>  Th*  Lhm  Lntm  PMtd.  Mti,  Jmm.,  ISOO.  w 


40     STUDIES  IN  BLOOD-PRESSURE 


to  a  gen^^Mted  temporary  incr^tse  of  arterial 
Gonirac^B,  wMc^t  time,  ndeea  ^  blood- 

t>-  «  j3  to  a  stall  higher  level,  or  to  a  localised 
im  of  an  artery  which  induces  more  or  less 
tri'  jient  disturbance  in  the  brain,  or  in  the  limbs. 

This  proclivity  to  spasm  in  the  arteries  is  pro- 
bably an  outcome  of  the  rich  endowment  of  muscu- 
lar fibres  in  the  hypertensive  arterial  wall.  The 
exacerbations  of  arterial  pressure  produced  by 
increments  of  generalised  arterial  tonus  are  too 
well  recognised  to  require  further  comment.  But 
I  shall  discuss  a  little  further  some  of  the  varied 
manifestations  of  localised  arterial  angio-spasm, 
because  they  are  more  expressive  of  the  abnormal 
activity  of  the  hypertrophied  musculMtissue  of  ti^e 
individual  artery  than  are  the  dEects  of  geme^ 
arterial  constriction. 

The  c!i»act^tie  featore  these  dlttmbanceB 
is  their  transient  nature  and  their  liability  to  re- 
eunence,  com{d^  reeov^  ti^ii^  i^ace  in  a  few 
minutes,  or  in  an  hour  or  two,  or  in  a  day.  They 
eaimot  therefore  be  caused  by  a  lesion,  such  as 
h»m(»3rliage,  or  a  thrombus,  or  an  embolus,  which 
requires  some  time  to  elapse  before  its  effects  are 
eSsieed  when  improvement  does  take  place.  The 
transitoriness  of  these  disorders,  therefore,  suggests 
a  functional  cause  m  fugitive  as  the  ailments  them- 
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selves;  and  all  those  who  have  reported  their 
cases  (such  as  G.  Pcabody,'  W.  Russell,'  F.  H. 
Edgworth,»  Sir  W.  Osier,*  0.  K.  Williamson,*  M.  0. 
Hunter,*  Stanley  Blaker  •)  are  unanimous  in  attri- 
buting them  to  a  spasm  in  the  artery  supplying 
the  affected  part,  which  consequently  becomes 
ischaimic.    Arterial  spasm  in  the  legs  may  cause 
intermittent  clonus  ;  or  senile  nocturnal  cramp  ; 
or  a  spasm  of  the  middle  cerebral  artery,  or  one 
of  its  branches  may  induce  slight  transient  attacks 
of  aphasia,  hemiplegia,  or  monoplegia  (affecting 
only  the  face,  hand,  or  arm),  convulsive  attacks 
with  or  without  loss  of  cwaeioiisnesB,  or  wiA  ot 

1  A  contribution  to  the  "  Symptoms  and  Pathology  of  Endar- 
teritis  Omema,"  FraetitioiMn*  Socirty  of  New  York.  1886. 

s  "  Arterial  Hypertonus,  Sclerosis,  and  Blood-Pressure,"  Encyclop. 
Med.,  1907  ;  "  Cerebral  Manifestations  of  Hypertonus  in  Sclerosed 
ArtCTies,"  Praemkmer,  1906. 

In  a  recent  lecture  {Lancet,  1914,  vol.  i.,  p.  1057)  W.  RusseU 
brings  forward  an  interesting  series  of  cases  of  cerebral  Migioapasm 
pto^reing  diBtarbance  of  vkion  in  migraine  (retinal  angiospasm), 
ioM  of  memory  (senile),  epileptoid  attacks  simulating  fainting,  mental 
obteoration  with  attacks  of  greater  obscuration,  and  inability  to 
work,  and  tmporary  inability  to  perform  ordinary  work. 

^  "Tnmibny  HwnfpKya  m  Eklnly  Feraons,"  Praetitioner, 
1909. 

«  '^l^ae^mt  Attadu  o*  Aphasia  and  Paralysis  in  States  of  High 
Blood-Pressure  and  A  t  -  feteroeki,"  Canadiaa  Med.  Assooiatioii, 
October  1911. 

»  **  Ob  ArtarU  flpmi    (especially  in  explanation  of  certain  oasee 
(d  transient  Hemipleffia  and  Monopl^),  Prattiii(mer,  July  1913. 
*  Quoted  by  O.  K.  Williamson. 
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without  clonic  spasm  in  the  paralysed  part.  Sir 
\V.  Osier  thus  classifies  these  cases : 

"(a)  Healthy  individuals  with  high  blood- 
pressure,  but  without  signs  of  Bxt&wX  disease. 

"  (6)  Patients  with  well-marked  arterio-sclerosis, 
in  whom  the  cerebnd  attacks  have  come  oa  without 
warning,  sometimes  as  the  signal  ^rmptom.  A 
majority  of  my  cases  come  in  this  group. 

"  (c)  In  advanced  sclerosis  with  cerebral  changes, 
manifested  by  progressive  mental  and  muscular 
weakness,  all  possible  types  of  these  transient 
seizures,  including  convulsions,  may  occur.  The 
attacks  are  most  frequent  in  the  aged,  but  men  in 
the  5th  and  6th  decades  are  also  affected." 

These  and  other  clinical  experiences  show  that 
hyperplasia  of  the  arterial  muscular  tissue,  though 
in  its  physiological  degrees  conservative  and  auxi- 
liary, when  advanced,  may  originate  more  or  less 
grave  pathological  disturbances. 


CHAPTER  UI 
FUNDAMENTAL  DATA  {omiiMved) 

III.  Pulse-Pbessurb 

Each  nonnal  cardiac  cycle  (systole  and  diastole) 
has  its  counterpart  in  the  arteries  wherein  the 
blood-pressure  rises  to  a  maximum  (systolic)  and 
falls  to  a  minimum  (diastolic)  point. 

Though  the  duration  of  the  cardiac  and  arterial 
cycles  is  identical,  their  pressure  curves  are  quite 
different.   The  pressure  curve  of  the  ventrkjle, 
which  discharges  its  load  afta  ^  maBii«  <rf  » 
pump,  rises  from  and  returns  to  zero* ;  whereas 
that  in  the  artioieB  staite  feom  «id  gradually 
declines  to  a  certain  resklual  pressure,  which  is 
considerably  above  the  aero  point.  The  grade  of 
praware  m  th»  art^  on  wluch  the  ventricular 
pressure  is  superposed  is  the  "  constant  "  arterial 
jaearaie,  aadisdenominttted  the  arterial  diastolic, 
or  minimum  pressure ;  and  this,  flm  the  super- 
added vwitrksular,  is  the  arterial  systoUc,  or  maxi- 
immEi  ipseiaiue* 

»  To  1)6  quite  correct,  the  minimum  preaaure  in  Um  ventricle  ia 


The  term  "pulse-pressure"  »  employed  to 
express  in  mm.  Hg.  tlie  raj^gb  of  ■lliiM 
pressme  compeised  ktiweea  thaw  tonilB. 

The  Normal  PniM-Frcitun.— Aeecadl^ 
J.  A.  UmWMtm  mai  €L  &fmm  SsIrb,*  mt 
ploying  liie  auditory  me^od^  tfee  avefi^  pdee- 
prett^e     a  smes  el  bssi^  adnitB  was  46  mm. 
This  %mce  practically  agrees  with  my  own  (45  mm.) 
for  subjecte  bebw  the  middle  period  of  life ;  but 
for  those  over  forty  or  so,  my  observations  show 
that  beyond  that  age  the  average  range  of  pulse- 
preasure  increases.    It  is  difficult  to  formulate  a 
rule  for  estimating  this  increase,  because  the 
individual  differences  are  much  greater  after  than 
before  the  attainment  of  this  period  of  life.  For 
example,  in  one  subject  a  45  mm.  range  may  be 
retained  \uitil  the  ages  of  fifty,  fifty-five,  or  sixty 
are  reached ;   whereas  in  another  a  perceptible 
lengthening  of  the  range  may  be  ol»erved  at  forty- 
five  or  fifty.  Therefore,  any  rote  founded  (m 
&y&c9ifg»  m  much  lees  ^ne^mstl^  lot  ta&iyhHil 
cases  ov^  forty  than  before  that  age.  It  may, 
hmmmt  ^  t^e^^^  ^  ftTezaft  mmm&B^  ci 
the  iM>nnid  piJse-pressure  is  much  less  between 
forty  and  sixty  than  it  is  after  sixty  ;  and  a  rough 
wo^ii%  mle  for  ^  i^Ueatiffli  to  ii^vicUud  eases 

>  BriM  Mtd.  Jomm.,  I«4.  Tol.  i,  p.  688. 
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may  be  formulated  by  adding  to  the  average 
before  forty  (i.e,  45  mm.)  1  mm.  for  each  two  years 
from  forty  to  sixty,  and  1  mm.  per  year  after  sixty. 
On  this  basis  a  healthy  subject  of  seventy  may  have 
a  pulse-pressure  of  65  mm.  {i.e.  45  x  20)  without 
being  abnormal. 

The  Relation  ol  Pttl»e-Prei«ire  to  the  Nonnal 
Senesce^  Clii»ge  ift      Circiil«tteii.--Aftier  the 
tamiSam  el  Mt  {eirca  forty)  i*  attamed,  a  gradual 
ftarrangemOTt  ©f  the  fondamentia  factors  which 
^^lo^M  ^  arteml  igsaesam  Ukm  place  sooner 
or  later ;  wid  this  is  the  normal  outcome  of  the 
^orts     the  physiological  work  of  the  heart,  and 
o!  the  arteries.   The  alteration  doubtless  begins 
in  tiie  arterial  wall,  which  becomes  less  elastic  and 
mm  muscular  (see  p.  37).    The  elastic  recoil  of 
the  aorta  during  diastole  being  reduced,  and  the 
peripheral  resistance  increased,  the  heart  is  called 
upon  to  do  more  work,  and  consequently  increases 
in  weight  as  the  years  advance  over  fifty  (see  p.  14). 
Thus,  the  pulse-pressure  is  extended  after  the 
middle  period  of  life,  and  the  gauging  of  it  heMmm 
a  useful  general  clinical  guide  in  showing  the  rate 
at  which  the  normal  change  m  ti»  mkdti  waB  maA 
the  heart  incidental  to  age  is  advaaiai^whether 
postponed,  or  fairly  normal,  «  foma^mm.  The 
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difierait  mdivKlttals.  For  eittmple,  the  puke- 
prassQie  of  early  life  (45  mm.)  may  not  be  exceeded 
in  certain  cases  at  fifty,  fifty-five,  or  even  sixty ; 
and  when  in  such  cases  the  pnlse  rate  is  not  sub- 
ocnmiU,  and  the  heart  shows  no  sign  of  failure,  we 
may  presume  that  the  arteries  are  preserving  their 
elasticity  and  suppleness  beyond  the  usual  period 
for  average  subjects  of  corresponding  age.  Then 
again,  the  pulse-pressure  may  even  begin  to  ex- 
pend before  the  age  of  forty ;  when  we  may 
nfer  that  the  arterial  changes  incident  to  age 
are  setting  in  prematurely.  But  before  drawing 
such  inferences,  we  should  exercise  every  care  in 
making  our  observations  to  exclude  any  temporary 
contraction  of  the  arteries  which  extends  the 
pulse-pre«tiixe. 

The  Predominant  Factors  in  Determining  tiie 
MttMmwtrie  ll««nir«ae»t  ^  ^Pidt^PMm. 
-—The  range  of  tlie  ^ibe-j^rassore  is  the  resultant 
(d  several  circnhitory  conditions :  such  as  the 
{(n^  doratbn,  eixd  rate  of  the  ventricular  con 
traction ;  the  volume  of  the  ventricular  output ; 
the  volume  of  the  blood,  the  resistance  of  the 
blood  (viscosity)  and  of  the  arteries,  arterioles,  and 
capillaries ;  and  the  resiliency  of  the  arterial  wall. 
It  is  hardly  possible  for  the  clinician  to  assign  to 
each  of  these  causal  conditions  its  share  in  pro- 
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ducing  the  net  result;  but  he  can  appreciate 
and  measure  the  leading  factors.   These  are,  the 
force  and  duration  of  the  ventricular  contrac- 
tion, and  the  amount  of  peripheral  resistance, 
which  are  shown  by  clinical  observation  to  be 
closely  connected.   When,  for  eaunple,  the  re- 
sistance is  reduced  the  ventricular  contradaons 
are  less  vigorous  and  of  diorter  duration  and  ^ 
pulse-pressttre  is  loynx  than  when  ^e  ree»taiwe  a 
hi^er.  The  auditwry  method  of  observing  the 
arteiial  pressure  has  shown  that  when  ilie  pulse- 
pressure  rises,  it  is  the  maximum  pressure  (the 
etmi  of  ^  pulse  wave)  which  takes  the  lead,  and 
then  only  after  a  conaderable  interval  of  time 
does  the  minimum  pressure  (the  trough  of  the 
wave)  rise  as  well.   From  this  fact  it  would  seem 
that  in  the  first  stage  of  the  expansion  of  the  pulse- 
pr^ure  the  ventricle  is  quite  able  to  surmount 
the  increased  peripheral  resistance,  whereas  in  the 
second  stage  it  cannot  efficiently  cope  with  it. 
Hence  the  clinical  importance  of  reading  the 
minimum  as  well  as  the  maximum  pressure.  So 
long  as  the  expanded  pulse-pressure  remains  in  its 
first  stage— the  minimum  pressure  &iling  to  rise— 
the  condition  of  the  arterial  drcula^n  may  be 
said  to  meet  the  normal  zequirements  for  age ;  but 
wtoitpaiieaA^^eeecaiAitage  thewtnifiwiin 
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I«e88iire  being  sapef  oonnal — ^tlie  pby8iol<^pcal  be- 
gun to  merge  into  the  psilMtogieal  state. 

Tbt  Rdatiott  of  the  Pulte-Pressure  to  the 
Velodtr  of  the  Flow  of  Blood.-- CflBeem  faribvs, 
a  finished  range  of  pulse-pressure  slows  the 
flow  of  blood  through  the  arteries  into  the  capil- 
laries;  whereas  an  enlarged  range  increases  the 
velocity  of  the  flow  within  certain  limits  (J.  A. 
MacWilliam  and  G.  Spencer  Melvin  ')• 

The  Relation  of  the  Pulse-Pressure  to  Func- 
tional Activity.— It  is  well  known  that  when  the 
blood  is  transmitted  through  perfused  organs  under 
rhythmic  pressure  (pulsation)  the  efiecthfe  «>n- 
dition  of  the  tissues  is  longer  maintained,  and  the 
rate  of  perfusion  is  greater  than  when  the  flow  is 
controlkd  vaxi&  e^wtant  premire.  TMs  Ueb  is 
but  an  illustration  of  what  happens  in  the  body,  in 
which  ^ytito^  bIood-i»e8sare  is  a  fundamental 
of  n^tebohc  ai^  functional  activity— the 
optimum  result  being  attedned  by  a  certain  range 
ef  t^t  pressure.   For  example,  Erlanger,'  Hooker,* 
and  Gesell  •  have  shown  in  r^ard  to  renal  eliraina- 
ti^  that  the  amount  of  urine  and  of  urea,  chlorides, 
etc.,  varies  directly  with  the  amplitude  of  the 

»  Op.  eU. 

•  Johtu  Hopkina  Heap.  Reportt,  190*.  xH,  p.  846  (Erfaoger 
and  Hooker) :  Arch,  of  Intern.  Medicine,  1910,  v,  p.  491  (Hoote). 

*  Am&HOM  J<mm.  of  Pkyaid.,  1913.  vol.  xzxii,  p.  70. 
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{HUie-pressure,  and  Gesell  regards  the  diuresis  of 
di^taHs  and  strophanthus  as  the  result  of  the 
increased  range  of  the  pulse-pressure  produced  by 
these  drugs.  We  may  therefore  infer  that  the 
measurement  of  the  pulse-pressure  furnishes  an 
important  tell-tale  of  the  voiiime  of  blood  supplied 
to  the  organs  per  unit  of  time. 

The  pulse-pressure  is  raised  and  lengthened  by: 

(1)  Organic  changes  in  the  arterial  wall,  as  in 
senile  arterial  fibrosis  and  artCTio-sclerosis, 

(2)  Increased  tonic  ccmtraction  of  the  taUaam 
as  in  hypertensive  ailments  and  paroxysms  (ner- 
TOUB  patiirb«lion»  mipaine,  atlkm,  ete.). 

(3)  Nephritis  (acute  and  chioiae). 

(4)  Aortic  ins^^en^. 

The  pulse-pressure  is  leraed  and  idiortened  by : 

(1)  Decreased  periphraal  resistance  from  re- 
duction of  artffldal  tonus,  as  in  the  ateipbic 

wasting  ailments,  phthisis,  etc. 

(2)  Anaemia  and  hsemorrfaage  ^m  lungs, 
stomach,  intestines,  etc. 

(3)  Cardiac  asthenia,  coUapse,  and  shock. 

IV.  Pbbifhbrai.  Bbsistanos 

Work  coiunsts  of  movement  against  resistance. 
Therefore,  Ae  work  dt  the  v^trble  is  perfofmcd 
4 
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when  it  overcomes  <Jie  reesit«ice  oSend,  to  the 
onflow  of  blood  in  the  cirenlfttbn.  The  renttance 
k  mtniiTiftl  in  ^e  larger  arteries,  n  g^ually  in- 
or^uied  as  the  arteries  divide,  and  becomes  maximal 
in  the  minute  arteries  and  arterioles,  in  which 
friction  is  also  maximal.    In  the  ample  capillnry 
bed  the  velocity  is  diminished,  and  the  resistance 
is  again  lessened.    The  main  resistance  is  in  the 
arterioles  and  not  in  the  capillaries  for  the  fol- 
lowing reason  :  each  individual  capillary  is  small 
and    its   resistance   therefore  great,   but  their 
number  is  so  immense  and  the  total  bed  so  large 
that  the  resultant  resistance   offered   is  com- 
paratively small.    Clinicians  feive  not  always 
been  in  agreement  in  apportionii^  the  share 
taken  by  ^e  vmkim  foctom  ooraeemed  in 
offering  radstance  to  the  onflow  ^  blood.  For 
examine,  in  1876  1^  Geoige  Johns<»i»  em^ 
phasked  the  clinkal  m^cffteaee  <^  kiraiMng 
poripheral  reustance  in  the  aiterii^,  by  which 
it  was  varied  on  the  "stop-cock"  principle; 
whereas  W.  Howslip  Dkkinson,*  while  agreeii^ 
with  Johnson  that  the  musculature  of  the  arteries 
and  arterioles  is  increased,  held  that  the  resistance 
is  mainly  in  the  capillaries ;  and  Sir  William  Broad- 
bent  •  regarded  capillary  obstruction  as  primary, 
iOp,cA.  •  Lmctt,  1W5.         »  The  Pvlu. 
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and  hypeTtrophy  of  tbe  muBCttlttuie  of  the  ar- 
terioiet  as  secondary.  We  may,  nevertheless, 
with  confidence  accept  the  physiological  view  that 
the  arterioles  form  the  principal  factor  in 
peripheral  resistance. 

Is  Organic  Thickening  a  Cause  of  Increased 
Peripheral  Resistance  ?— During  the  decadent 
stage  of  the  life  of  the  arterial  wall  {i.e.  after  forty) 
F.  VV.  Andrewes  shows  that  fibrotic  prolifotttiim 
is  a  prominent  pathological  feature.^  It  is  doubt- 
fol,  when  it  pervades  ^  laxger  aad  n^kdle-iWl 
azteries  only,  if  it  is  a  ^tor  of  importance  in 
pefi]^b«tid  resfi^ance.  Bat  Aould  it 
tsy<^e  Ite  «na&«  tttma  and  actcai^e,  and 
reduce  the  calibre  of  these  yess^]'.  't  mmt  raise 
^  art»ial  zei^aaee  m  a  marke<i  I  n.  TUa 
coQoliision  is  supported  by  the  f<  expan- 
ments  of  Thoma  quoted  by  F.  W.  Mott.  '  Thoma 
made  injection  ea^wciments  upon  cadavers  with 
salt  solution,  observing  the  times  of  injection  of  a 
given  number  of  litres  at  a  sriven  pressv;  when 
arterio-sclerosis  existed,  and  when  it  d'!*  ot.  He 
found  it  took  v 'ry  much  longer  to  inject  the  same 
amount  of  fluid  in  the  case  of  sclerosis,  (Edema 
of  the  lower  ixtremities  occurred  when  only  four 
litres  had  been  injected  into  a  body  affected  b... 
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widespread   angioHaclcrosis ;    wh«ceas   into  the 
arteries  of  a  body  not  so  afiected,  seventeen  litres 
could  be  injected  before  leakage   took  place. 
These  and  other  experiments  show  that  when 
arterio-aclerosis  is  present,  the  salt  solution  has 
to  overcome  much  more  resistance  in  the  vessels 
of  the  lower  extremities,  although  investigation 
shows  that  the  lumen  of  the  arteries  is  not  greatly 
diminished.    It  may  be  concluded,  therefore,  that 
changes  in  the  permeability  of  the  capillary  walls 
are  also  present  in  arterio-sclerosis.    Does  it  not 
also  suggest  that  the  capillary  area  generally  is 
greatly  diminished,  probably  on  account  of  the 
fibroti-  changes  referred  to  ?  "  '   As  in  the  cadav^ 
vaso-motor  action  is  of  course  excluded,  the  results 
of  these  experiments  indicate  that  in  artem- 
sclerosis  (1)  the  peripheral  re^twice  in  the  wnaller 
ramifications  of  the  arterial  sy»t®n  is  increased  by 
some  structural  alteration  (probably  chiefly  fibrotic) 
and  (2)  the  capillary  bed  is  more  permeable  than 
normal  aod  is  perhaps  dWnie^  in  area.  It  does 
not  follow  that  vaso-motor  action  during  life  is 
necessarily  abolished  by  the  structural  change  in 
the  arteriolar  wall,  though  in  the  course  of  time  it 
may  become  so,  when,  as  in  angio-sclerosis,  vaso- 
dilators can  no  longer  reduce  the  peripheral  re- 

»  AWtuU'a  Sytttm  of  Med.,  vol.  vi,  p.  327. 
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sistance  and  the  arterial  blood-pressure.  This 
presumed  organic  reduction  of  the  calibre  of  the 
distal  arteries  suggests  why  the  contraction  of 
the  musculature,  though  of  smaller  range,  is  as 
eftective  as  when  the  bore  was  of  normal  diameter, 
and  why  it  is  unnecessary  to  supporo  that  hyper- 
tension is  maintained  for  prolonged  periods  {e.g. 
from  year  to  year)  by  persistent  contractioa  which 
is  physiologically  improbiAle. 

In  1872  GoU  and  Button*  demonstrated  the 
eias^mm  ^  a  g«i«alised  hyati^  fibrom  of  the 
peripheral  veesds  (arteno-capillary  fibrosis),  of  the 
kidney  (primary  <x>ntfa6ted  granular  or  arterio- 
sclerotic kidney),  and  other  parts  (brain,  sple^ 
etc.).  J.  H.  Gaskell'  shows  that  the  primary 
change  begins  in  the  intima  of  the  renal  arterioles 
and  not  in  the  adventitia  as  supposed  by  Gull  and 
Sutton.  May  not  a  biniilar  pathological  thickening 

»  Laruet,  1872.  vol.  i.  p.  794. 

*  Journal  of  Path,  and  Bad.,  vol.  xvi,  pp.  287-320.  J.  H. 
Gmkell  foand  tbe  fotenua  thklnning  of  tbe  Mtariolee  so  great  as  to 
almost  block  the  lumen  ;  and  he  remarks  concerning  the  view  of 
Gull  and  Sutton  Uiat  it  "  has  of  late  been  revivetl  by  Jones  and 
Ptym  <F»re*ow'#  Artkw.,  190*.  Bd.  olwvui,  S.  367).  TTiey  hold 
that  the  small  artery  change  is  a  true  artwio -sclerotic  process,  and 
is  not  a  special  change  peculiar  to  this  form  of  kidney  change  as 
■nm  other  ob— rerr  hm-n  maintained.  They  insist  also  that  the 
small  artery  change  in  the  kidney  is  part  of  a  general  small  artery 
change  aiTeoting  many  organs.   Tbe  present  investigatioos  bear 
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be  found  in  the  arterioles  generally  in  forms  of 
hyperten»on  not  primarily  of  renal  origin  ? 

^^eosit;  of  tli«  Mood  as  a  Factor  in  Peripheral 
Resistance. —Blood-viscosity  is  mainly  dependent 
on  the  percentage  of  the  cellular  elements.   It  is, 
however,  likewise  affected  by  the  physical  and 
chemical  properties  of  the  plasma,  but  to  a 
Mnaller  extent.   Therefore  if  viscosity  is  a  promi- 
nent factor  in  increasing  peripheral  resistance  and 
the  arterial  blood-pressure,  we  ought  to  discover 
pronounced  evidence  of  it  in  the  various  forms  of 
polycythfiemia.    On  this  point  I  quote  the  following 
paragraph  from  F.  Parkes  Weber's  excellent  critical 
review  of  polycythsemia : '  "  In  spite  of  tte  ex- 
cessive viscosity  of  the  blood,  the  blood-pressure 
in  polycytb»mia,  though  usui^,  is  ^ffays 
high,  and  in  most  cases  the  left  ventride  of  the 
heart  is  not  greatly  hypertrc^^iMd. 
difficulty  in  circulatbn  caused  1^  the  enormous 
blood-viscosity  is  to  a  great  extent  avoided  by 
eompensatorydilatatiwi of  ^blood-vessels.  This 
is  just  what  some  of  the  experimental  work  on  the 
relation  of  artificially  increased  blood-viscosity  to 
bleei-^e«RM?e  (Jacdsi)  would  lead  one  to  expect, 

»  Qimrt.  Jour.i.  of  Med.,  1908.  {.p.  85-134,  "  ftttiwi  BeriBir  ol 
Polyoythsmia,  Erythrocytusia  and  BlfllWi^t,*'  tjf  F.  Vtam 
W«lwr.  MJ>.,  F.R.C.P..  etc. 
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but  all  observers  are  agreed  that  artificial  increase 
of  blood-viscosity  does  tend  to  raise  the  blood- 
pressure  in  spite  of  compensatory  dilatation  of 
blood-vessels."   Numerical  percentages  of  hsemo- 
cy  tes  and  heights  of  blood-presiare  are  not  generally 
available  m  the  pal^^d  dinkal  reeox^  of 
polycythsBmic  cases;  it  is  thetefcoe  difficult  to 
fcmn  an  estmate  of  the  pesmned  ematA  ieliilk»a 
betwe^  the  pofycy^mia  and  the  pressure.  For 
example,  out  of  ^e  reeofds  of  dg^hteen  specially 
zraaEiarkabk  or  obsenre  cases  of  pt^cythsemia 
comprked  in  Appendix  B  of  F.  Parkes  Weber's 
paper,  in  only  three  are  found  data  of  blood- 
pressure ;  and  of  these  one  is  ineligible  for  com- 
parison because  of  the  presence  of  marked  arterio- 
sclerosis and  of  albuminuria  (though  slight).  More- 
over, in  this  case  the  systolic  pressure  (150-160) 
is  not  high  in  view  of  age  (sixty-four)  and  of  the 
existence  of  arterio-sclerosis ;    so  that  we  can 
scarcely  conceive  that  over  11,000,000  erythrocytes 
per  c.mm.  can  have  materially,  if  at  all,  raised  the 
blood-pressure.   Of  the  two  fraiainisg  cases,  one 
(aged  fifty-one)  furnished  a  systolic  pressure  of 
oidy  100-110  mm.  Hg.  vHith  Itemooyte  over 
9,000,000  per  c.mm.,  ai^      <^i«  (»  eaB»t8l>le 
ov^worked  subject  a^ed  fi^-five)  a  i^essure  oi 
170  mm.  Hg.  wh^  Iwiuwajftai  ^  only  tks^ 
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6,000,000  per  cmm.  In  ike  hAtet  cate  the  pro- 
portion of  blood-cells  was  prao^sally  1,000,000 
above  normal  and  the  presRife  was  60  mm.  Hg. 
higher  thw  in  the  former  case  ^th  4,000,000  in 

excess. 

After  excluding  the  well-recognised  factors  of 
hypertension,  1  cannot  say  that  I  have  myself 
been  able  to  discover  any  correlation  between 
the  high  readings  of  my  ha?macytometer '  and 
of  the  blood-pressure.    And  furthermore,  the  same 
negative  evidence  is  aftorded  by  J.  S.  Haldane 
and  his  coadjutors  on  the  eflects  of  kigh  altittyie 
(14,093  ft.  above  sea  level)  on  tht  l^wd-^esMUPe 
and  the  increased  c€»ioen^ration  ^  Hie  bktod.* 
Moreover,  recent  experiments  with  the  h^urt-lnug 
preparation  suggest  ijtoA  infirt Mwi  viaooiiity  of  t^ 
circulating  blood  procbices  cu^ac  ^lyd^^ns  which 
^ooM  low«r         ^aai  raiw      a^sM  bkod- 
pres^ire ;  for  C.  Lovi^  Evans  aad  Sagoro  Ogarva 
have  shown  titet  it  redbras  tiie  input  of  the  heart 
wlaeh  lessens  the  oi^pBfc  and  that  the  smaller 
ventricttka:  load  of  ix»ie«iti»^tod  hieod  is  expelled 

*  Sm  Apimidix. 

•  INtU.  Trans.  Roy.  Soc,  Series  B,  vol.  2t»3,  p.  IK (1913),  "Physio- 
Io0o^ Observations  on  Pike's  Peak,  Colorado,  witii  Specia"  Reference 
to  Aibptotim  to  Low  Barometric  Pnaaan,"  by  C  Gordon  Douglas, 
B.M.,  J.  S.  ITaldane,  M.D^Aa.>  YMMiiHf  BBlilliinn  ^hJ).,  Mid 
E.  C.  Schneider,  Pfa.D. 
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with  less  endocardial  pressure  than  when  it  is 
larg  'T  and  less  viscous.' 

Increased  viscosity  has  been  ascribed  to  other 
causes  than  polycythaemia ;    such  as  calcium 
retention  (Sir  James  Barr),  accumulation  of  car- 
bonic acid  (Sir  Lauder  Brunton),  aad  e^»dal  urie 
acid  (Alexander  Haig).   Sir  James  Bair  aas^ 
that  "  by  the  free  use  of  decaidfyii^  afHits  you 
lessen  the  viscosity  of  the  Uood  and  rapidly  lower 
the  arterial  blood-preesure— in  this  way  we  get 
tudsect  evidenee^^  eSeots  of  calcium  in  rais^ 
the  arterial  blood-pressure. " »   Sir  Lauder  Brunton 
thiui  refers  to  the  accumulation  of  carbonic  acid : 
"When  the  blood  becomes  very  venous,  it  will 
flow  witii  difficulty.   Oxygenation .  of  the  blood 
lessens  the  viscosity,  and  this  accelerates  the 
circulation.   When  blood  would  not  flow  from  a 
vein  after  venesection,  I  hrve  found  the  inhalation 
of  oxygen  produce  a  free  flow  of  blood  almost 
immediately."'   Alexander  Haig,  in  support  of  his 
contention  that  uric  acid  in  its  colloidal  form  is  the 
cause  of  increased  viscosity  of  the  blood  in  the 
capillaries,  remarks  :  "  When  we  remember  that 

»  Joum.  of  Pkyaiol.,  vol.  xlix  (1915),  Proc.  Physiol.  Soo.,  Jan.  23, 

ma, 

*  Brit.  Med.  Jnurn..  1910.  vol.  ii.  p.  1336. 

*  Therapeuiica  of  the  Circulation,  2nd  ed.,  by  Sir  Lauder  Brun- 

too.  r JtJ.,  mi. 
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in  the  more  severe  conditions  of  coltemia,  uric 
add  can  be  precipitated  in  ^e  blood  drawn  fx&m 
ikt  vtBB^in  bulk  eqvai  to  one-fonrtli  or  even  one- 
third  of  tbat  of  the  red  cells,  we  have  no  difficulty 
in  bdieving  that  a  viscid  colloidal  substance 
(though  more  or  less  invisible  till  a  precipitant  is 
used)  must,  nevertheless,  when  present  in  such 
quantities,  greatly  afEect  the  viscosity  of  the  blood 
and  hinder  the  passage  of  both  cells  and  plasma 
ttough  the  more  minute  capillaries."  * 

The  views  of  these  three  observers  are  quoted 
merely  to  give  a  complete  account  of  the  various 
opinions  held,  and  not  necessarily  as  implying  that 
they  should  be  accepted  without  further  evidence. 

Peripheral  Resistance  in  Relation  to  Age.— 
Leonard  Findlay  '  has  observed  that  a  caparison 
between  the  systolic  pressure  in  the  middle  phalanx 
of  the  finger  h  Gartniaf)  and  arm  (<l  fa  Riva 
Rocci)  in  eighty-two  normal  subjects,  varying  in 
age  from  two  and  a  half  to  fifty,  displays  a  difierence 
which  increases  with  each  decade.  After  tabulating 
his  individual  observations,  he  remarks  :  "  A  most 
at^ng  feature  of  these  tables  is  the  gradually 
increasing  difference  between  the  so-called  central, 

»  ^fe>1i^(>■rhirllr'J.  Trans.,  1906,  vol.  Ixxxix,  p.  208. 

»  <^uart.  Journ.  of  Med.,  vol.  iv,  1011.  pp.  489-97.  "The  Syitolio 
riCtmrii  Triflfiittint  Potato  of  the  Circulation  in  the  Child  and  the 
AihiH,"  by  L«mud  Fmdby  (fewn  ti»  PhywoL  Lab.  Glaagow  Univ.). 
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or  brachial  pressure,  and  the  peripheral,  or  digital 
preffiure.   During  the  first  decade  the  average 
difference  amounts  to  4*6  mm.  Hg.    In  the  majority 
of  the  cases  the  brachial  reading  is  higher  than  the 
digital,  though  in  20  per  cent,  the  opposite  is 
found.    Between  ten  and  twenty  years  the  differ- 
ence rises  to  8  mm.,  and  in  only  5  per  cent,  of  the 
cases  [one  in  eighteen  cases]  is  a  higher  peripheral 
reading  obtained  [and  that  only  5  mm.,  which  is 
within  the  limits  of  error].   From  twenty  to  thirty 
years  the  difineoce  is  still  higher,  reg^ilediig  for 
men  22-1  mm.  and  for  women  13  mm.  [or  17-5  for 
m^  and  women),  and  for  every  case  the  brachial 
pieeenre  reccnded  the  higha  raster.  In  the  case 
of  men  between  thirty  and  forty  years  the  average 
c^lesenee  is  32  mm.,  and  for  men  between  forty 
and  fifty  years  44  5  mm.    It  is  thus  seen  that  the 
older  the  individual  and  the  higher  the  blood- 
pressure,  the  greater  is  the  difference  between  the 
central  and  peripheral  readings."    In  all  cases  over 
twenty  the  digital  differences  were  minus.  The 
following  table  embodies  these  results : 
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Th»  observ«f  infers  from  his  «Lperim«at«l  pro- 
duction  of  vaso-consismtion  by  tynuaaiiw  in  in»n 
and  adrenaline  in  animab,  Ae  mmw  tai^e 
readings  are  caused  by  increased  arterial  tonus  ; 
ai^  tiiis  view  is  emphasised  by  the  still  greater 
peripheral  declensions  of  pressure,  such  as  100 
(nephritis  aged  thirty-five),  95  (acute  Bright's 
aged  forty-four),  70  (nephritis  aged  thirty-two), 
which  he  has  observed  in  hypertension. 

From  these  data  it  may  be  inferred  that  during 
childhood  and  youth  the  systolic  brachial  and 
digital  pressures  are  practically  uniform ;  but  in 
adults  the  digital  pressure  progressively  fails  below 
the  brachial  as  age  advances.  In  other  words  tte 
pressure  gradient  from  the  brachial  to  the  phalan- 
geal arteries  is  practically  negUgible  in  <M^ieei 
and  yon  ;  but  develops  markedly  and  pro- 
gressively in  adult  life. 

The  only  objections  tiiat  can  be  raised  ^nst 
the  unreserved  acceptance  of  these  results  are  ike 
d^ts  of  G&*n«?'8  me^aA.  H  itherto  aU  observa- 
tions have  shown  that  as  an  independent  method 
f<a  estimating  the  arterial  pressure  it  is  valueless, 
because  the  peripheral  site  of  observation  (the 
middle  phalanx  of  the  finger)  is  anatomically  and 
physiologically  unsuited  for  the  purpose.  It  may, 
however,  fall  into  its  right  place  when  employed 
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for  the  measurement  o!  the  peripheral  pressure 
only;  providing,  of  course,  that  its  well-known 
a^ets  in  technique  are  met.   Then  it  may  serve 
as  an  adjunct  to  the  ordinary  procedure  for  de- 
termining the  brachial  systolic  pressure ;  for  it  will 
then   afford   an  approximate   measure  ol  the 
peripheral  resistance  in  hypertension,  and  Leonard 
Findlay's  figures  may  be  taken  as  a  working  ba«i 
to  represent  the  normal  average  age  differwMsoe. 
As,  however,  close  readings  of  these  diffwencee  are 
not  at  all  necessary,  we  might  even  accept  a  wid« 
rule,  such  as  30  mm.  for  normal  Bubjects  from 
twenty  to  thirty  and  60  mm.  for  titose  over  tWrty. 

The  technique  is  deeeribed  later. 

Peripheral  Reststanee  In  Relatiwi  to  the  Heart. 

—Peripheral  redsfcaace  stimulates  the  ventricle 
by  reBex  nervous  agency  and  by  fluid  conduction 
which  rwses  the  aortic  blood-pressure  ;  and  is  an 
important  factor  in  eliciting  the  optimum  efficiency 
of  the  heart  muscle,  which,  like  all  muscle,  is  main- 
tained at  its  best  in  enorgy  and  bulk  by  work ; 
hence  it  is  that  the  heart  progressively  grows  in 
weight  proportionately  to  the  increase  of  peripheral 
resistance  due  to  advancing  age  (p.  14).   The  rise 
of  the  arterial  pressure  and  especially  of  the 
diastolic  pressure  evoked  from  the  c<Hnpet«at 
ventricle  by  a  rising  periphefal 


^     STUDIES  IK  BLOOD-PBiaiUIUES 

make  for  efficiency  of  the  coronary  circulation  and 
the  maintenance  of  cardiac  nutrition. 

Turning  from  the  physiological  to  the  patho- 
logkal  field  we  meet  with  slaek  artoiet,  kw  arleml 
pressures,  and  weak  v«itnclee  on  the  one  hand ; 
and  on  the  other  witii  ti|^ilened-up  Teesds,  hig^ 
iffterial  pressures,  and  hypertxoi^ed  ventricles. 
In  the  latter  class  of  cases  the  nutrition  and  vigour 
oi  tibe  ventrkle  re^nd  for  a  variable  length  of 
time  to  the  supernormal  resistance  ahead,  and  the 
balance  thus  established  is  satisfactory  from  the 
standpoint  of  an  efficient  circulation.  But  when 
the  rwiatance  can  no  longer  be  relieved  by  treat- 
ment, or  when  it  overbears  or  outlasts  the  reserve 
capacity  of  the  ventricle,  the  effective  life  of  the 
latter  is  shortened  by  the  continued  high  grade  of 
work  it  is  called  upon  to  perform. 

At  one  time  cardiac  pathologists  were  dominated 
by  the  inipression  that  heart  disease  originated  in 
the  heart  itself  and  that  the  deteetkm  of  a  murstis 
was  the  surest  sign  of  the  localised  disease.  It  took 
many  years  to  correct  thk  eacior  and  to  wd&k  the 
outlook  so  as  to  embrace  l^e  pei^«y  of  the 
circulation  in  the  purview  of  causation.  Now  as 
a  matter  of  course  we  r^ard  the  peripheric  awi 
the  centric  origin  of  chronic  heart  disease  as  of 
equd  importance ;  wid  we  go  further  than  that. 
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for  we  recognise  the  pernicious  influence  of  the 
gfaoM  produced  by  increased  peripheral  resistance 
on  disease  originating  in  the  heart  itself  and  we 

endeavour  to  modify  it. 

The  Measurement  of  Peripheral  Resistance.— 
The  method  of  determining  the  brachio-phalangeal 
pressure  gradient  affords  an  approximate  measure 
of  the  peripheral  resistance.    Attempts  have,  how- 
ever, been  made  to  obtain  direct  readings  from  the 
distal  portion  of  the  circulation.   The  methods 
which  have  hitherto  been  suggested  for  this  purpose 
are  founded  on  two  different  principlee ;  one  being 
to  measure  the  preesote  requiied  to  Wamh  the 
skin  under  a  piece  of  glass,  and  the  other  to  de- 
termine ^  im»  leqnoed  for  ^  feeovery  of 
Gdoar  in  a  spot  rendered  pale  by  pressure.  The 
instnim^tB  of  N.  von  Kries  '  and  Ludwig  and  of 
ytm  Baaeh  '  Mlsw  ^  first  principle  and  are  there- 
fore designed  to  measure  the  capillary  blood- 
^Qsrare;    and  the  inverted  spring  balance  of 
Alexander  Haig  '  is  based  on  the  second  principle 
and  is  devised  to  determine  the  velocity  per  second 
of  the  capillary  circulation.   Presuming  that  the 
onflow  from  the  capillaries  into  the  veins  is  nor- 

1  Ludwig't  ArbetUn,  1875,  p.  69. 

pp.  117-36. 
•  Op.  e*. 
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mally  free,  the  readings  obtained  by  all  these 
pieces  of  apparatus  are  mainly  if  not  entirely 
dependent  on  the  arteriolar  blood-pr^ure  and 
velocity,  and  are  therefore  influenced  by  gravity 
aiul  by  coldness  of  the  skin ;  hence  observation 
must  be  made  on  the  heart  level  and  on  hands 
normally  warm.   The  objection  to  the  employment 
of  instruments  applied  to  the  hands  and  fingers 
with  the  view  of  measuring  the  blood-pressure  and 
velocity  of  the  peripheral  circulation  is  the  liability 
to  error  from  temperature  variations.    1  have 
therefore  avoided  direct  instrumental  observation 
on  the  distal  vessels,  except  in  the  case  of  that  on 
the  first  phalanx  which  yields  the  arterial  pressure 
gradient.    In  Alexander  Haig's  method  the  skin 
of  the  backs  of  the  hand  or  fingers  is  paled  by  the 
circular  pad  (10  mm.  in  diamet^)  of  the  instrument 
under  a  known  pressure ;  and  the  capillary  r^ux 
is  measured  by  a  metroxu>me  beating  half  seconcb. 
Sir  Jsaaes  Barr  us^  a  rod  of  the  same  diameter  and 
estimates  the  reflux  by  a  stop  watch  recording 
fifths  of  a  second.* 

I  have  found  that  observation  of  the  effect  of 
gravity  on  the  peripheral  circulation  in  the  hand 
and  fingers  is  quite  as  instructive  as  the  distal 
iiuitrumental  methods.   When  an  arm  is  raised  to 

»  Op.  c*. 
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the  vertical  position  with  the  hand  and  fingers 
extended,  the  blood  drains  away  from  the  veins 
and  capillaries,  so  that  the  former  collapse  and  the 
hand  grows  much  paler  than  the  other  resting  on 
a  table.    On  raising  an  arm  in  this  way  for  one 
minute  and  then  rapidly  placing  the  raised  hand 
by  the  side  of  the  other  (the  palms  of  both  resting 
on  the  table),  we  obtain  two  criteria  of  the  velocity 
of  the  capillary  circulation,  namely,  the  time  re- 
quired for  refiUing  of  the  veins,  and  the  restoration 
of  colour  in  the  skin.  In  normal  subiects  from  one 
to  three  seconds  elagae  before  a  vdn  begins  to 
refill  or  the  colour  returns.  When  the  veins  are 
not  embedded  I         ^e  v&iom  ontoncm,  as  it 
is  more  d^nite  than  the  r^toralion  of  colour.  In 
some  cases  the  c(dofir  does  not  &de  ft^  931,  or  but 
v«cy  sightly,  though  the  veins  collapse  and  refill 
very  slowly  ;  in  such  cases  the  venules  are  probably 
contracted.   When  pallor  is  produced  and  the 
veins  fill  slowly,  either  the  vis  a  tergo  is  deficient 
or  the  arterioles  are  much  contracted ;  then  the 
manometer  will  decide  which  of  these  causes  of 
delayed  reflux  is  in  operation. 


5 
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V.  The  Storage  of  Blood  in  the  Veiks 

The  large  catibre  of  the  splanchnic »  and  systemic 
veins,  far  in  excess  of  that  required  for  the  transit 
of  the  average  volume  of  blood  circulating  through 
them,  serves  an  important  physiolo^eal  purpose- 
namely,  to  provide  for  the  temporary  storage  of 
blood.  During  exercise,  the  systendc  veins  become 
loaded  wUh  blood,  and  their  reserve  capacity 
enables  them  temporarily  to  retain  such  portions 
of  the  blood  as  the  heart  may  not  for  the  moment 
be  able  to  discharge  into  the  arteries.    In  the 
intervals  of  rest,  the  blood  employed  in  systemic 
work  reverts  to  the  capacious  splanchnic  reservoir, 
whence  it  is  again  withdrawn  by  the  physiological 
activities  of  the  system.    In  this  fact  we  find  the 
raison  d'etre  of  the  large  capacity  of  the  splanchnic 
veins,  which  form  an  important  adjunct  to  the 
systemic  circulation,  serving  as  a  r^ervoir  for  the 
supply  of  blood  needed  for  the  performance  of 
work— whether  cerebral  or  muscular— and  as  an 
overflow  chiffl[di>ear  in  toes  of 
In  health  a  certain  degree  of  functional  inter- 

1  We  are  indebted  to  ike  dononstratkn  <rf  l^onwd  HiB  for 
much  of  our  knowledge  of  the  large  capacity  of,  and  the  part  played 
by,  the  splanchnic  circulation:  see  "Influence  of  the  Force  of 
Gravity  on  the  Circulation  of  the  Blood,"  Joum.  P^fkL,  1895, 
VOL  zvlii,  1& 
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change  is  maintfuned  between  the  two  syitems 
(splanchnic  and  systemic),  so  that  the  give  *'  and 
"  teke  '*  of  each  fall  within  moderate  limits ;  but 
in  disease  this  normal  balance  is  apt  to  be  greatly 
disturbed.  In  one  group  of  cases  (the  hypotonic) 
the  splanchnic  reservoir  is  continuously  surcharged, 
while  the  systemic  "  draw  "  is  lessened,  and  the 
arterial  pressure  is  lowered.  In  another  group  (the 
hypertonic)  the  splanchnic  reserve  is  greatly  re- 
duced, and  the  arterial  pressure  is  raised.  The 
undue  draining  of  blood  into  the  capacious  splanch- 
nic venous  system  and  its  lodgment  there,  is  a 
large  factor  in  lowering  the  arterial  blood-pressur.. 
in  certain  diseases,  such  as  phthisis,  neurasthenia, 
toxaemia,  convalescence,  and  other  atonic  states ; 
and  this  result  is  attributed  *  to  the  inhibition  of 
tone  in  the  splanchnk  arterioles  Itough  the  path 
of  the  depressor  nerve  (the  function  of  which  was 
discovered  fifty  years  ago  by  Ludwig  and  Oyon*), 
ami  vaso>motc»r  centre.  And  when  tiie  splai^hnk 
arteries  and  arteriole  become  the  seat  of  hyper- 
ixmoA  f»  sclerosis,  as  fr^uently  happens  in  cases 
of  hypertension,  the  systemic  arterial  pressure  rises 
to  still  higher  levels.   Contraction  of  the  splanchnic 

1  "  Experiments  on  Venous  Blood-Pressure  and  its  Relation  to 
Arterial  Pressure  in  Man,"  by  Henry  Sewill,  M.D.,  eto.,  bi  /ownii 
of  the  American  Medical  Assoc.,  1906. 

*  Arb.mud.  Pky*.  AntlaU.,  Leipxig.  1866,  p.  128. 
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area  is,  however,  not  ^  leading  cause  of  byper- 
t  .asion:  it  merely  increases  it  just  as  its  relaxation 

l^ens  it. 

VI.  Bio-cHEMicAL  Causes  of  Hypertension  and 
Hypotension 

The  maintenance  of  hypertension  and  hypoten- 
Mon  mainly  rests  with  the  musculature  of  the 
arteries,  their  contraction  and  relaxation,  rather 
than  with  such  mechanical  causes  as  reduction  of 
the  calibre  of  the  arteries  by  fibrosis  or  atrophy  of 
the  arterial  wall.  We  cannot  refer  contanuons 
alterations  of  the  arterial  blood-pressure  to  changes 
in  the  non-muscular  textures  of  the  wterial  walL 
We  therefore  look  for  some  bib-chemical  agent  or 
agents  which  actuate  the  arterial  muscle  fibres. 

Chemical  Causes  of  Hypertension.-There  is 
no  evidence  t^  show  that  any  of  the  most  con-  aon 
metabolic  products,  such  as  urea,  unc  acid, 
xanthine,  etc.,  can  induce  a  state  of  hyperten- 
sion. But  we  know  of  three  pressor  substances 
generated  within  the  body,  any  one  of  which  is 
of  su^cient  activity  to  maintain  the  condition  of 
hypertension  of  the  cardio-arterial  muscle  fibres 
provided  it  is  continuously  supplied  to  the  blood 
m  ^  req^  quantity.   They  are  derived  re- 


FUNDAMENTAL  DATA 


69 


spectively  (1)  from  the  medulla  of  the  adrenals, 
(2)  from  the  infundibular  portion  of  the  pituitary 
body,  and  (3)  from  putrefaction  of  proteins  in 
^e  intestines. 

(1)  In  France  there  is  a  prevalent  belief  among 
clinicians  that  superadrenalism  is  the  vera  causa 
of  hypertension :  a  belief  largely  founded  on  the 
work  of  Josue/  which  shows  that  the  injection  of 
adrenaline  into  rabbits  produces  aortic  atheroma 
and  a  rise  of  arterial  pressure. 

Experimental  research  demonstrates  that,  so  far 
as  the  cardio-vascular  system  is  concerned,  the 
physiological  role  played  by  adrenaline  is  two-fold : 
namely,  (1)  to  maintain  in  conjunction  with  the 
sympathetic  nerves  the  normal  tone  of  the  heart 
and  arteries,  and  (2)  to  serve  as  a  chemical  mes- 
senger to  further  brace  up  the  carculatory  muscuk- 
ture  in  conditions  of  stress,  such  as  fright,  worry, 
sudden  efforts  (fighting,  etc.).  For  the  mainte- 
nance of  tone  the  discharge  of  adrenaline  is  slow 
and  more  or  less  continuous  though  fluctuating 
according  to  requirement,  and  to  the  rate  at  which 
the  store  c'  it  in  the  suprarenal  medulla  is  re- 
plenished ;  but  during  psychological  and  physical 
emergencies  it  has  been  shown  (especially  by  the 
work  of  T.  R.  Elliott)  that  the  unloading  of  it  is 
1  TraiU  de  VArUrio-adtrott,  par  0.  Jo«u6. 


70     STUDIED  IN  BLOOD-PRESSURE 

rapid,  and  the  chemical  meBsenger  does  its  work 
on  the  caidio-vasealar  sysUm  almost  nmnltaite- 
ously  with  the  execution  of  the  direct  nervous 
impulse  on  the  heart  and  arteries,  which  therefore 
receive  the  impact  of  two  synergic  stimuli.  We 
infer  that  adrenaline  under  the  ordinary  condition' 
of  life  is  an  important  factor  in  maintaining  the 
tone  of  the  musculature  of  the  heart  and  arteries  ' ; 
this  is  therefore  an  inference,  but  it  is  a  legitimate 
one.  But  the  unloading  of  it  by  stimulating  the 
sympathetic  and  the  presence  of  the  discharged 
adrenaline  in  the  blood  have  been  clearly  demon- 
strated.^ 

Whether  there  be  a  condition  of  superadrenalism, 
which  expresses  itself  clinically  as  hypertension  and 
cardiac  hypertrophy,  is  another  matter.  So  far  the 
proof  of  this  causal  relation  is  not  forthcoming. 
Concordant  changes  in  the  adr«iak  of  sabjeots 
suffering  from  hypertension  have  not  been  demon- 

1  Adrenaline  is  a  remarkable  sensitiser  of  muscle.  For  example, 
W.  Bui:  dge  finds  that  a  heart  perfused  by  soluti(m8  of  inorganic 
aftlta  becomes  leas  sensitive  to  the  calcium  present  in  them,  but  is 
■eositised  by  the  addition  of  adrraialine  (1  in  10,000,000),  which  may 
even  quadruple  the  duration  of  its  activity  {Joum.  of  Phynd.,  VfA. 
xUx,  1914,  Proc.  Phys.  Soc.,  p.  Ixi). 

'■  The  reader  should  study  T.  R.  Elliott's  instructive  work  in  his 
article  on  "  The  Control  of  the  Suprarenal  Glands  by  the  Spkofi^ 
Nerves,"  Joum.  of  Phyaid.,  vol.  xliv,  pp.  374-409,  and  his  Skb^ 
Binger  Memorial  Leotare,  Brit.  Mtd.  Joum.,  1014.  vol  t. 
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strated  ;  and  the  exp^imental  evidence  is  equiUly 
n^aiive.^ 

The  recent  work  of  Douglas  Cow,-  which  has 
demonstrated  the  existence  of  a  direct  vascular 
connection  between  the  suprarenal  medulla  and 
the  kidney,  may  ultimately  throw  some  light  on 
this  question.   Hitherto  we  have  formed  our  con- 
ception of  the  physiological  role  played  by  adrena- 
line from  the  passage  of  the  whole  of  this  product 
into  the  general  circulation ;  now  we  find  that  an 
appreciable  portion  of  it  is  also  discharged  directly 
into  the  kidneys,  in  which  it  regulates  urinary 
at^vity— under  certain  coiklitioas  diminishii^  &e 
excretion  and  flow  of  urine.  It  was  found  that 
clamping  the  adrraial  y&n  completely  urested  the 
flow  of  n        >ihe  adrenaline  being  diverted  in 
excess  to  '  .       aey.   The  proportion  of  adrena- 
line normal,  supplied  directly  to  the  kidney  is 
doubtless  snudl  compared  with  that  discharged  into 

1  Journ.  of  Exper.  Med.,  vol.  xvi,  1912,  pp.  541-57,  *'  The 
Question  of  Epinephiine  in  tlie  Circulation  and  ita  Relation  to  Blood- 
Vnmm,**  by  l^ee^  C.  JMWway,  M.D.,  and  Edwaccb  A.  PMk. 
M.D,  These  experimenters  conclude  "  that  there  is  no  evidence 
that  epinephrine  [a  synonym  of  adrenaline]  in  amounts  sufficient 
to  ptodow  iti  ^ytkiogkul  tlheta  upon  uty  hitherto  test  object!, 
exists  in  the  circulating  blood,  with  the  exception  of  blood  from 
the  suprarenal  vein.  The  examination  of  uncoagulated  blood  from 
six  pnacHM  with  hi^  bkxid>iiinMRtre  baa  bfied  to  Aov  the  fmmm 
of  epinephrine  or  other  constricting  substance." 

»  Journ.  of  Phytiol.,  voL  xUx,  1914,  pp.  443-52, 
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tlie  general  ciiciilalioxi ;  but  it  wi31  be  relatively 
large,  because  it  is  not  subjected  to  the  dilation 
and  oiidatioB  of  the  wyt^besam  ^Ui^axge*  The 
ontcome  of  this  inquiiy  of  Douglas  Cow  opens  up 
the  question  as  to  how  far  the  pathologicid  rdle  of 
adr^idine  may  be  ascribed  to  its  suppressive 
control  of  renal  work  and  the  gradual  reduction  of 
kidney  substance. 

Apart  from  the  question  of  causation,  may  not 
adrenaline  disturb  the  course  of  hypcrtensioji  ? 
For  many  years  I  have  been  impressed  with  the 
fact  that  cases  of  hypertension,  and  especially 
cases  drifting  towards  it,  are  often  much  more  prone 
than  others  to  a  supersensitive  state  of  the  vaso- 
motor mechanism  and  temporary  increments  of 
arterial  pressure  from  nervous  and  other  causes  of 
disturbance ;  as  if,  in  such  cases,  the  direct  stimulus 
of  perturbation  on  the  circulation  in  enforced  by 
the  undue  unloading  of  adimiafine.  In  many 
cases  of  hypertension  high  manometric  readings 
when  communicated  to  tlie  |»tient  are  apt  to 
produce  a  stete  of  gr^  nervous  apprehension,  which 
a^p»vat^  the  hypertension.   In  such  cases  the 
manometer  m  the  han&  of  »xl  incautious  and  in- 
judicious practitioner  may  become  an  instrument 
oi  harassment  and  misery  in  which  superadrenalism 
may  play  m  importimt  role. 
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It  k  also  not  improbable  that  the  adrenals  may 
infiuenco  hypertension  in  the  opposi^^o  direction; 
for  when  an  infective  fever  sets  in,  hypertension 
diminishes  very  considerably,  and  the  adrenaline 
load  also  falls.  Many  workers,  especially  of  the 
French  school,  hold  that  infections  depress,  or 
may  even  abolish,  the  secretory  work  of  the 
adrenals;  ^  and  in  tiiis  wa   they  may  kill. 

(2)  The  pressor  product  (pituitrin)  of  the  infundi- 
bulum  of  the  pituitary  body,  though  possessing  a 
similar  constrictive  or  tonic  action  to  that  of  adrena- 
line on  the  musculature  oi  the  circulatory  organs, 
has  not  been  invoked  as  a  cause  of  hypertension 
and  there  is  no  evidence  to  show  ih&t  it  should  be 
so  r^iarded.  Its  primary  physiological  objective 
seems  to  be  to  tone  the  nervous  cenlxes  and  through 
them  to  xnaintun  the  normal  tonicity  of  the  cardio- 
vascular musculature.  We  have  no  positive  proof 
of  its  passage  into  the  blood  as  in  the  case  of 
adrenahne ;  although  it  could  diffuse  thence  via 
the  cerebro-spinal  fluid.  Unlike  adrenaline,  it 
does  not  accelerate  the  heart-rhythm,  and  may 
indeed  slow  it;  and  it  dilates  the  renal  vessels 
instead  of  contracting  them,  and  thus  increases 
the  output  of  urine. 

1  See  also  Mott  and  HaUibiuton,  Arch,  of  Neurd.,  19u7,  toL,  iii, 
p.  123. 
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(3)  The  recent  discoveiy  of  some  powerful  prewor 
bases  m  the  iiiiDe»  oiw  wydi  las  titen  isolsted 
as  aa  oxalate  and  identified  by  W.  Bain  as  iso- 
amylamine,  whea  retained  in  %h»  Mood  mty,  on 
farther  invest%atton,  go  &r  to  explain  how  soma 
forms  of  hypertension  with  cardiac  hypertrophy 
are  produced.  This  experimenter  says/  in  summar- 
ising his  conclusions,  "  The  normal  urine  of  adults 
contains  certain  bases  which,  when  injected  into 
the  blood-stream  of  ancesthetised  or  pithed  animals, 
produce  a  marked  rise  of  arterial  pressure ;  these 
bases  are  either  reduced  in  amount  or  entirely 
absent  from  the  urine  of  patients  with  high  blood- 
pressure.  The  non-excretion  of  these  bases  leads 
to  their  retention  in  the  blood,  and  is  an  important 
fpstor  in  the  causation  of  hypertension.  The 
bases  doubtless  arise  in  the  int^tines,  as  a  result 
of  the  putrefaction  oi  pcotdns,  ai^  ^<ek  ammxtt 
can  be  considerably  diminished  by  a  marked 
decrease  in  protein  intake." 

We  stall  await  the  final  proof  of  thk  view— the 
evidence  of  the  presence  of  these  putrdactive 
{HresKir  bases  in  the  blood. 

Cholesterinaemia.  -  Some  Eussian  and  French 
(Chaff ard  and  his  school)  pathologists  have  (^lis- 
covered  that  the  feeding  of  rabbits  with  cholesterin 

»  Qmrt,  Joum.  Ssft.  Phyaiol.,  vol  viii,  1914, 
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(cholcftterol)  produces  in  three  or  four  weeks  a  true 
fttlieroma  of  the  intiiiia  of  the  aorta  and  an  enlarge- 
ment  of  the  adrenal  cortex  due  to  an  enormous 
increase  of  its  storo  of  lipoid  (fat-like  bodi's.) 
T.  R.  Elliott'  confirms  ono  of  these  results— the 
lipoid  engorgement  of  the  cortex.    The  percentage 
of  cholesterin  in  human  blood  has  been  determined 
by  the  Paris  workers,  who  find  -t  low  in  acute 
fevers,  and  especially  in  pneumonia,  in  which 
T.  R.  Elliott  observed  exhaustion  of  the  cortical 
lipoid,  and  high  in  arterMHScleraris  and  atberooia, 
in  which  cholesterin  radsts  in  proportionately  large 
amomit  in  tiie  e<ataz**  In  cU^  ^  xerahs  wtsn 
less  obvious.  The  French  investigaton  ascribe 
atheroma,  azteEUHideiorai,  axA  hypertoiHon  to 
the  piesoice  of  an  excess  of  cboteslerin  in  the  blood 
(hypercholesterinmnia).  They  regaid  oholestain 

^  The  Sydney  Binger  Mraaorial  Lecture,  by  T.  ^.  Elliott 
M.D.,  F.B.8.,  BHt.  Mei.  Jomn.,  1M4,  toL  L  Elliott  ,c.  Tuekett 
{Joum.  Physiol.,  vol,  raiv,  332,  1P06)  appear  to  have  oewi  the 
first  to  show  that  the  uiiso-tropio  globules  in  the  cells  of  the  adrenal 
oortez  WW  not  eompoeed  <d  torn  fat ;  Rosenheim  and  Tebb  {Proc, 
Physiol.  Soc.,  Feb.  27,  1909,  Joum  Physiol.,  vol.  xxxviii)  found 
that  t^eee  globules  consist  of  a  mixture  of  free  stearic  and  other  fatty 
ariii  wHii  eiK^erteria  eften.  watt  m  e  phosphatide  (sphingo- 
myelin), one  of  the  components  of  so-called  protagon.  These 
observations  suggest  that  the  adrenal  cortex  is  concerned  in  lipoid 
Bwtabc^.  (W.D.  H.). 

»  La  CyeUitbt  Ckekdervdmie,  pw  M.  le  doot.  Grigput  (Pwri^ 

1913). 
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in  normal  percentage  as  antitoxic  and  beneficial ; 
but  when  present  in  excess  they  hold  that  it  is 
precipitated  into  the  tissues  of  the  arterial  wall, 
where  it  rnd  its  lipoid  compounds  excite  contraction 
of  the  tunica  media  (hypertension)  and  the  pro- 
duction of  arterio-sclerosis.  They  have  found  an 
excess  of  cholostcrin  not  only  in  the  blood,  but  in 
the  arterial  wall  of  arterio-scleiotic  and  atheroma- 
tous patients. 

These  conclusions  have,  however,  been  recently 
controverted  by  tne  work  of  C.  Cantieri,*  who  has 
shown  that  in  nineteen  cases  of  arterio-sclerosis, 
with  or  without  high  blood-pressure,  cholesterin 
was  present  in  the  blood  in  rather  less  than  the 
normal  percentage  (0-175),  that  there  was  no  con- 
nection, even  in  acute  and  chronic  nephrilas,  be- 
tween the  height  of  the  arterial  blood-pressure  and 
the  quantity  of  cholesterin  present  in  the  blood 
(thus  confirming  the  observations  of  some  other 
investigators),  and  that  the  administration  of 
cholesterin  as  a  drug  does  not  raise  the  arterial 
blood- pressure.* 

Nephritic  Hypertension  is  generally  more  pro- 
nounced than  other  forms.    I  shall  quote  th^  con- 

»  Biv.  Grit,  di  Clin.  Med.,  Florence,  1913,  vol.  xiv,  p.  657. 

«  Dixon  Mid  H»mbartan  {Joum.  Phtfmol.,  vol.  xlvii,  229,  1913) 
faftve  abo  shown  that  th*  rae  of  pntrnm  produced  bj  injMUag 
ebolMterin  is  negligible. 
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elusions  of  two  recent  studies  of  hypertension  in 
nephritis  :  one  by  'J'heodore  C.  Janeway,'  and  the 
other  by  11.  Batty  Shaw.»  Janeway  writes : 

"  Hypertension  may  arise  through  purely  quanr 
titative  reduction  of  kidney  substance  below  the 
foctOT  of  safety.  It  is  difficult  to  conceive  of  this 
as  other  than  a  vascular  hypertonus  due  to  re- 
tained poisons  of  some  kind.  Its  clinical  para- 
digm is  the  hypertension  accompanying  bilateral 
ureter  obstruction,  or  the  unfortunate  surgical 
removal  of  the  only  functionating  kidney.  Pos- 
sibly it  is  one  factor  which  helps  to  produce  hyper- 
tension in  the  contracted  kidney. 

"  2.  Hypertension  may  arise  in  connection  with 
the  unknown  intoxication  which  causes  disturb- 
ances of  the  central  nervous  system,  and  which  we 
call  urrrmia.  This  intoxication  is  not  one  of  reten- 
tion, ill  a  strict  sense,  though  it  is  most  commonly 
present  in  those  cases  of  advanced  nephritis  wiuch 
manifest  marked  nitrogen  retention.  Clinically,  it 
is  related  with  severe  acute  nephritis,  sometimes 
at  its  very  onset,  and  mth  subacute  and 
chronic  inflammatory  affections  of  the  kidney. 
"  3,  HypertcfflMon  may  arise  in  ^imaiy  irrita- 

1  American  Joum.  of  the  Med.  Sciences,  1913,  vol.  cxiv,  p.  626: 
"  Nephritic  Hypertension :  clinical  and  experimental  atudiee,"  by 
Theodore  C.  Janeway.  M.D.,  M.A. 
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bility  of  the  vaso-constricting  mechanism  from 
unknown,  probably  extra-renal  causes,  which  lead 
eventually  to  arteriolar  sclerosis.  In  this  type  the 
disease  in  the  kidney  is  the  consequence,  not  the 
cause,  of  the  generalised  vascular  lesion.  When  it 
progresses  to  a  condition  of  extreme  atrophy,  re- 
sulting in  the  true  primary  contracted  kidney,  a 
renal  element  aiay  be  added  to  the  existing  hyper- 
tension. In  some  cases  arterio  sclerosis  of  the 
la^^  vessels  may  spread  peripherally,  and  produce 
a  similar  form  of  disease.  In  these  primary  vascu- 
lar diseases  it  is  probable  that  eventud  widespi^d 
nanowing  of  the  arterial  stxeam-bed  in  some  cases 
produces  a  p^man^t  organic  increase  in  peri- 
pheral resistance. 

"  What  are  the  vascular  poisons  back  of  these 
^pes  of  hypertensive  disease  ?  That  question  no 
one  can  answer.  That  epinephrine  (adrenaline) 
is  one  of  them,  is  possible ;  that  it  is  the  only  one, 
seems  to  me  improbable.  One  may  say  the  same 
for  the  secretion  of  the  hypophysis  (pituitary).  I 
beUeve  it  is  likely  that  different  poisons  produce 
different  types  of  hypertension.  One  toxic  case 
we  can  name  with  certainty,  lead.  Excessive 
stimulation  of  the  central  vaso-motor  mechanism 
must  also  play  some  part  in  producing  the  vaned 
clinical  pkture. 
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**  The  first  and  second  types  of  hypertension  may 
at  any  time  be  superimposed  upon  the  third.  While 
the  second,  the  uraemic  type,  may  be  considered 
dangerous  in  itself,  hypertension  in  the  arterio- 
sclerotic or  atheco-sclerotic  kidx^y  is  best  re^;arded 
as  a  compensatory  effort  of  the  organism,  as  Bier 
first  suggested,  to  be  intexfered  witili  only  when 
danger  tbreatem,  either  of  cardiac  ^ure  or  of 
cecebnd  hsemorrhage." 

I  now  quote  H.  Batty  Shaw:  "During  ike 
past  four  years,  owing  to  the  generosity  of  my 
colleagues  in  the  hospital  (University  College), 
I  have  had  access  to  all  the  cases  which  have 
revealed  hypertension.  Of  this  number,  which 
was  very  large,  twenty-nine  cases  have  proved 
fatal.  In  every  case  the  heart  was  shown 
fost  mortem  to  be  hypertrophied ;  in  every  case 
there  was  general  arterio-sclerosis ;  in  every  case 
there  was  fibrosis  of  the  kidneys,  some  were  smaller 
than  normal,  some  were  of  normal  size,  some  were 
larger  than  normal.  The  sequence  of  events  is  (1) 
loss  of  kidney  substance,  (2)  hypertension,  and 
(3)  artear»HMslao8is  and  cardiac  hypertrophy." 

Chemical  Causes  of  Hypotoisifm. — ^It  is  posmble 
that  in  nomB  forms  of  hypotension  fatigae  ]^odacts 
are  ghosted  in  the  body;  andpoihapB  ^ese  may 
be  isolated  and  identified  in  oomse  of  time.  But 
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depletion  of  the  pressor  products  (by  infective 
fevers,  or  by  fright,  or  by  a  condition  of  chronic 
fear,  as  in  neurasthenia)  or  inadequacy  of  tlie 
secreting  cells  of  the  infundibulum  or  adrenal 
medulla  are  more  probable  causes  of  h3rpotension. 
T.  R.  Elliott  points  out  that  "  in  many  diseases  the 
adrenaline  load  of  the  glands  is  diminished,  but  not 
often  to  what  might  be  looked  upon  as  a  really 
serious  state  of  depletion.  The  weight  of  a  single 
normsd  gland  in  man  is  4  grammes  and  its  adrenaline 
load  is  4  n^.  This  fidls  to  T  mg.  in  many  fatal 
fevers.  The  greatest  exhaustion  that  I  have  seen 
to  occur  rapidly  was  not  in  fever ,  but  in  cases  in 
which  the  patient  was,  so  to  speak,  fighting  for 
life,  struggling  to  keep  up  his  heart.  In  these  the 
adrenaline  lond  was  less  than  0'05  mg." 

It  has  been  repeatedly  observed  that  an  inter- 
current febrile  condition  (infective)  such  as  peri- 
carditis, pleurisy,  pneumonia,  etc.,  will  lower  the 
arterial  blood-pressure  in  even  severe  cases  of 
hypertension.  In  illustration  of  this  fact  I  am 
indebted  to  H.  Batty  Shaw  for  the  following 
comment:  "  It  is  necessary  to  warn  observers  that, 
even  by  use  of  the  sphygmom^,  they  wU  not  be 
able  to  find  hypertension  iii  every  case  of  kidney 
sclerosis ;  one  observer  might  be  called  in  to  see 
pad^it  when  the  teni^<»i  is  hi^,  and  make  & 
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correct  diagnosis ;  another  called  at  a  later  period, 
when  infection  has  occurred,  will  find  it  low,  and 
so  miss  the  trae  diagDOOs/'* 

VII.  Phtsiolooical  Variations  OF  THE  Abteioal 
Blood-Prsssurb 

In  the  ordinary  routine  of  life  tht>  sys.olic  blood- 
pressure  variations  rarely  exceed  20  mm.  Hg. 
above  or  below  the  normal  pressure  of  the  indi- 
vidual ;  and  these  limits  will  be  lessened  by  avoid- 
ing the  measurement  of  the  pressure  for  an  hour 
or  so  after  Hke  ingestion  of  a  full  meal,  or  after 
aetihre  or  prolonged  exorcise  or  effort,  or  during  a 
highly  heated  or  chilled  condition  <^  tlie  bod^. 
The  influence  of  meteorol(^caI  and  climatic  varia* 
tions  of  tem^^ti£»  on  the  artoml  blood-j^esBure 
is  referred  to  elsewh^. 

A  Tei^  of  the  In^ri^  Cardio- Vascular  Ad- 
jtistm^tt  for  Blood-Pressui-e.— During  exer.  ise,th'» 
pressure  rises  v«ry  considerably;  but  when  the  heart 
and  the  vaso-motor  mechanism  arc  quite  normal, 
if  the  exercise  is  slight,  the  pressure  returns  to 
normal  almost  immediately  after  its  cessation. 
Turning  this  fact  to  practical  account,  I  have 

*  The  hypotensive  effect  of  feveriehneas  may  also  erplain  why 
VypotMuion  is  sometimes  k>wend  by  an  intwoanmt  attack  <A  aoat* 

6 
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observed  that  tlie  integrity  of  the  circulatory 
mechanism  may  be  tested  just  after  the  arterial 
blood-pressure  has  been  measured.    The  patient 
is  told  to  throw  the  muscles  of  both  legs  into  a  state 
of  rigidity,  and  at  the  same  time  to  breathe  ^norm- 
ally ;  and  while  this  state  of  tension  is  maintained 
for  some  two  or  three  minutes,  the  pressure  is  again 
determined.   I  have  observed  that  in  normal 
subjects  the  pressures,  systolic  and  diastolic,  rise 
10,  15,  or  even  20  mm.  Hg.,  but  immediately  on 
the  cessation  of  the  muscular  tension  they  fall  to 
their  previous  lev^  I  have  had  but  few  opfor- 
tunities  for  applying  this  procedure  to  caaea  of 
hypertension  and  hypot«asbn;  but  I  venture 
to  suggest  it  to  others  who  have.  I  have,  however, 
observed  rises  of  40  or  50  mm.  Hg.  in  hyperten- 
«on,  which  require  time  for  their  subsidence. 
'Btom  the  facts  observed,  we  can  reaUse  that  the 
blood-pressure  in  hypertensi-'^e  cases  must  rise  to 
risky  levels  (sometimes  fatal)  when  the  patient 
strains  with  closed  glottis  in  defsecation  or  in  other 
efforts. 

The  hypotensive  effect  of  recumbent  rest  is  well 
known.  It  is  often  well  illustrated  in  hypertensive 
cases  in  which  the  pressure,  when  the  patient  is  not 
confined  to  bed,  is  lowered  by  absolute  recumbency. 
In  these  bed  cases,  the  pressure  remains  at  a  lower 
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level  as  a  rule ;  but  in  some  of  them  it  will  rise 
again.  H.  Batty  Shaw  has  published  the  night 
and  morning  systolic  pressures  of  at  least  two  such 
case.-  >  The  explanation  of  this  after-rise  is  not 
obvious  ;  but  I  think  it  may  rest  with  the  gradual 
liberation  of  a  larger  amount  of  blood  than  usual, 
lodged  in  the  splanchnic  area  in  the  erect  postures, 
forming  in  recumbency  an  accession  to  the  volume 
of  blood  in  the  systemic  circulation  (see  p.  66). 

1  Brit.  Med.  Joum.,  1010.  vol.  u,  p.  1762. 


CHAPTER  IV 


READING  THE  ARTERIAL  PRESSURE 

The  trustworthiness  of  the  readings  obtained  from 
a  manometer  depends  on  the  criteria  adopted; 
for  these  vary  considerably  in  their  accuracy,  scope, 
and  practicabiUty.  The  best  criterion  is  that  which 
reduces  as  much  as  possible  the  personal  equation 
of  error  in  the  observer,  minimises  all  sources  of 
fallacy,  is  easily  acquired  and  applied,  and  is,  more- 
over, sharply  defined. 

The  methods  of  reading  the  arterial  pressure 
cycle  are  the  tactile,  the  oscillatory,  and  the 
auditory. 

I.  The  Tactile  Method 

When  the  armlet  is  adjusted  to  the  upper  arm, 
or  to  the  forearm,  the  finger  placed  over  the  radial 
artery  affords  a  definite  reading  of  the  systolic 
pressure,  which  is  indicated  by  the  first  detectable 
pulsation  felt  on  gradual  decompression,  after 

84 
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overstepping  the  obliteration  of  the  pulse  by  the 
compression  of  the  armlet.  The  principal  advan- 
tages  of  this  criterion  are  simplicity,  general  prac^ 
cality,  and  its  equal  availability  for  observation 
with  the  annlet,  whether  adjusted  to  the  forearm 
or  to  the  upper  arm.  But  these  advantages  are 
somewhat  lessened  by  individual  differences  in 
^e  keenness  of  the  tactile  sense :  any  such  defect 
can,  however,  be  met  by  tefdning  the  finger  to 
detect  the  faintest  pulsation,  as,  for  example,  when 
the  palpatory  method  is  used  \n  conjunction  with 
the  somewhat  more  delicate  auditory  method. 
The  deficiency  of  the  tactile  method  is  shown  by 
its  inability  to  furnish  a  sufficiently  precise  reading 
of  the  diastolic  pressure.  Many  observers  must 
have  recognised  that,  on  releasing  the  armlet  pres- 
sure, the  pulse  at  the  wrist  remains  small  for  some 
time,  and  then  somewhat  quickly  expands  in 
volume  and  as  quickly  subsides  again ;  and  I  have 
observed  a  generalagreement  between  the  expansion 
of  the  pulse  and  the  point  of  maximum  oscillation 
of  an  inductor,  which  has  hitherto  been  regarded 
as  the  visual  criterion  of  the  diastolic  preasure. 
F.  A.  Faught  suggests  that  we  ^ould  utll^ 
fact  as  the  palpatory  indication  of  the  diastolic 
pressure.  He  says:  "It  will  be  noted  that  at 
firat  the  pulse  us  very  feeble  and  thready  in  char- 
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acter,  and  continues  so  for  a  time,  when,  as  the 
pressure  falls,  it  will  suddenly  assume  the  full 
bounding  character  of  the  pulse  in  aortic  regurgita- 
tion. At  the  moment  when  the  change  occurs, 
the  height  of  the  mercury  colunm  will  represent 
the  diastolic  pressure."  • 

The  method  of  reading  the  diastolic  pressure 
should  be  more  precise  and  d^nite  than  ^t  ci 
the  systolic  pressure,  because  its  smaller  vaii»- 
tions  are  in  clinical  significance  on  an  equality  with 
the  more  lunple  ones  of  the  latter  pressure.  The 
proposed  tactile  diastolic  criterion,  however,  falls 
fax  8lM>rt  of  this  requirement,  being  less  definite 
than  that     the  systolic  pressure. 

J.  A.  MacWilliam  and  G.  Spencer  Melvin,  relying 
on  their  experiment  ^  and  clinical  observations, 
remark  that  "  methods  of  estimating  diastuiic  pres- 
sure? by  examination  (palpatory  or  graphic)  of 
changes  occurring  in  the  artery  peripheral  to  the 
armlet  (Strn  ^burger,  Masing,  Sahli,  Bingel)  are 
not  recommended,  the  indications  being  dubious, 
and  their  interpretation  unreliable."  • 

1  Blood-Preasure  from  the  Clinkal  Standpoint,  by  F.  A.  Faught, 
M  O..  PhibMl.  uoA  LcmcL,  1013,  p.  51. 
Htert,  vol  V,  1914,  p.  194. 
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II.  The  Oscillatory  Method 
(Qraphic  and  Yisaal) 

OsciUatioB  M  a  criterion  of  arterial  blood-pressure 
has  occupied  a  prmninent  pontion  in  the  evolution 
of  sphygmomanometric  methods.  In  ordinary 
manometers  it  has  been  relied  on  mainly  as  the 
visual  indication  of  the  diastolic  pressure  only; 
the  reading  of  the  systolic  pressure  being  deter- 
mined by  the  tactile  method.  But  in  graphic 
recording  sphygmometers,  such  as  Erlanger's,' 
Hirschfelder's,'  Recklinghausen's,*  Gibson's «  with 
Singer's  modification,  and  in  the  visual  sphygmo- 
oscillometer  of  Pachon,'  the  behaviour  of  oscilla- 
tion under  decompression  of  the  armlet  is  accepted 
as  the  criterion  of  both  pressures. 

The  Oscillatory  Systolic  Criterion.— As  osciUar 
tion  cannot  be  totally  abolislied  as  a  rule  by  com^ 
pression,  even  though  this  is  pushed  to  60  or  more 
mm.  beyond  the  oblitera^n  point,  the  observer 
must  rely  on  another  indicalaon  of  the  systolic 

>  AmirieaH  Journ.  of  Physiol.,  1902,  voL  vi,  p.  22 ;  1904,  vrf,  ^ 
p.  14 ;  Johns  flopKiw  Hoap.  Sep.,  1904,  wl.  idi,  p.  68. 
-  Diseases  of  the  Heart  and  Aorta,  1910,  p.  21. 
»  Arehivf.  exper.  Pathol,  u.  Pharmakol.,  1906.  vol.  Iv,  pp  375  412 
«  Proe.  Bog.  8oe.  Sikt.,  1907-8,  toL  mm.  pp.  343  et  seq. 
»  CoMf».  Rvd.  delaSocd* BioL,  1909,  wLlxvi, pp.  723  6, 
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pressure  than  the  abolition  of  pulsation.  He 
reduces  the  pulsation  to  a  uniform  minimum  size, 
and  on  decompression  he  notes  the  point  at  which 
it  suddenly  increases.  This  is  the  systolic-oscillatory 
reading  d  la  Erlangor  '  (following  Recklinghausen « 
and  Pachon').  With  regard  to  this  index,  G. 
Spencer  iMelvin  and  J.  R.  Murray  observe :  "  Not 
infrequently  the  osciUatioiui  are  developed  in  tncli 
a  way  as  to  make  it  impossible  to  fix  upon  any 
phase  as  tiie  systolic  index.  Many  observers  have 
ionnd  difficulty  in  regard  to  this  index.  In  a  recent 
investigation  (on  hraltiiy  subjects)  Weysse  and 
Lutt*  were  unable  to  make  a  reading  in  37  per 
cent,  of  their  tracings."  •  According  to  this  criterion 
"Bachxm'B  instrument  yields  much  higher  readings 
of  the  systo'  '-essure  than  those  afforded  by  the 
tactile,  or  tht  iscultatory  method  :  this  discrep- 
ancy is  not,  however,  due  to  greater  delicacy  in 
recording  the  pressure,  but  is  attributable  to  (1) 
the  armlet  being  below  the  standard  width  (12 
cm.),  (2)  the  ill-defined  nature  of  the  criterion 

'  Johns  Hopkins  Hoap.  Rep.,  1WU4,  vol.  iU,  p.  63 ;  Amer.  Joum. 
Phijsiol.,  vol.  xxi;  Pne.  Amer.  Pkya.  8oe.,  p.  xxhr. 

2  Arch.  f.  exp.  Path.  v.  Pharm.,  vol.  xlvi,  p.  78;  Iv,  pp.  375-412. 

»  BrU.  Med.  Jmm,  1910,  vol,  ii.  p.  1765  (art.  by  K.  E.  Eokea- 
Btein,  M.B.,  LonA,  etc.,  on  "The  Estimation  of  Bfood-Pramre  hj 
meaiu  of  the  Sphygmo-oscillometcr  of  Pachon  "). 

*  Amer.  Joum.  Physiol.,  1013,  vol.  xxxii,  p.  427. 

»  QuMi.  Joum.  of  Exp.  Physiai.,  1913,  vol  viii.  pp.  125^. 
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itself,  and  (3)  the  tratisniissiori  of  vibrations 
derived  from  the  beats  of  the  disteuded  artery  on 
the  upper  border  of  the  arndet. 

The  Oscillatory  Diastolic  Pressure.  'I  he  inter 
Dretation  of  this  pressure  by  the  oscillatory  method 
18  also  a  matter  of  fmc«rtainty.  For  example, 
Erlanger  takes  eithw  the  mid-maximum,  or  the 
lowest  maximum  point,  sod  Recklinghausen  setocts 
the  latter,  wher^  Qibson  fn«fers  the  formor, 
and  Paehon  accepts  the  sudden  diminution  in  the 
size  of  the  maximum  osdlla^ns  as  tihe  criterion 
of  the  diastolic  pressure. 

According  to  J.  R.  MuiTay's  observations,  the 
diastolic  criterion  of  Pachon  corresponds  closely 
with  the  auditory  results  "  when  the  sphygmo- 
oscillon\eter  gave  quite  unequivocal  indications 
(which  was  not  always  the  case)." '  As  the  audi- 
tory criterion  of  the  diastolic  pressure  has  been 
verified  (see  p.  97),  we  may,  from  those  observations, 
conclude  that  Pachon's  indication  is  a  nearer  ap- 
pi  ox  i  Illation  to  the  actual  diastolic  pressure  than 
t.hf!  1'klanger-Recklinghausen  criterion,  founded  on 
the  maximum  (»ciIlation.  I  therefore  suggest  its 
use  in  those  exceptional  casest  in  which  the  auditory 
method  is  not  applicable,  and  its  adoption  by 
observers  ddbaired  from  the  auditoiy  method  by 

1  SrU.  Med.  Jmm.,  1914,  rol  i,  p.  69d. 
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defective  hearing.  It  can  be  quite  easily  employed 
on  a  mercurial  manometer  possessing  a  3  mm.  bore, 
as  in  my  instrument  (see  p.  5). 

But  in  attempting  to  measure  the  arterial  blood- 
pressure  by  oscillatory  criteria,  we  are  apt  to 
exclude  from  consideration  the  disturbing  influence 
of  the  arterial  wall,  which  observatioii  shows  to  be 
very  considerable.  In  practice  we  meBt  with  two 
well-de£ned  groups  of  cases  which  illusferate  the 
behaviour  of  oscillation  under  varying  degrees  of 
compression.  In  one  group  we  can  define  with 
comparative  ease  the  maximam  region  of  oscilla- 
tion, its  middle  and  lower  point,  or  the  drop  below 
it :  and  in  cases  of  this  kind  we  generally  find  the 
pressure  normal,  «c  p«haps  somewhat  subnormal, 
with  E  ^^t  compressible  arteries  in  subjects  of  under 
thirty  or  thirty-five.    In  the  other  group,  the 
oscillations  on  decompression  increase  suddenly 
high  up  on  the  scale,  and  remain  large  over  a  con- 
siderable range  in  wlrch  it  is  difficult  to  define 
the  exact  point  at  which  they  diminish ;  and  in 
cases  of  this  type  the  systolic  pressure  may  or  may 
not  show  an  increment  for  age,  and  the  brachial 
artery  is  often  thickened  and  sometimes  unevenly 
so.    If,  in  such  cases,  we  rely  solely  on  oscillatory 
criteria,  the  interjoetation  of  them  is  oftMi  cme 
of  considerable  uncertainty.  The  recent  aperi^ 
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mental  work  of  J.  A.  MacWUliam,'  J.  E.  Kesson, 
and  G.  Spencer  Mehrin  throws  considerable  light 
on  the  probable  causes  which  produce  the  clinical 
anomdies  of  the  oscillation  method;  these  are 
(a)  the  distemdbility  and  flexibility  of  the  arterial 
walls ;  (6)  the  time  available  between  the  beats ; 
(c)  the  form  of  the  internal  pressure  curve  ;  and  {d) 
the  part  played  by  elongation  of  the  vessel  at  each 
beat.  In  reference  to  the  effect  produced  on  oscilla- 
tion by  differences  of  resi8tai?ce  along  the  course  of 
the  artery  under  compression,  these  observers 
remark :  "  The  occurrence  of  maximum  oscillation 
at  or  near  the  systolic  pressure  (pulse  obliteration) 
seems  paradoxical.  But  such  is  quite  conceivable 
in  the  case  of  any  artery  which  is  very  compressible 
near  its  distal  end,  while  resistant  and  non-dis- 
tensible {e.g.  from  strong  contraction)  along  the 
rest  of  its  length.  With  such  an  artery  in  the  com- 
pression tube,  we  have  sometimes  seen  the  maximum 
oscillation  approaching  the  systolic  (obliteration) 
level  in  a  remarkable  way :  the  compressible  distal 

»  Heart,  vol.  v,  1914,  p.  153 :  "  The  Flstimation  of  Diastolic 
Blcci-Pressure  in  Mwi,"  by  J.  A.  MaoWilliam,  M.D.,  Begios  Prof, 
of  ThyOology,  Unhr.  of  Aberdsoi,  and  G.  Spencer  UtMa,  M.D., 
Asst.  in  Physiology,  Univ.  of  Aberdeen :  Seventeenth  Internat. 
Congreu  of  Mai.,  London,  1913:  "The  Estimation  of  Systolic 
«ad  SiMrtefiB  Mood-Pniuie,"  1^  VieL  J.  A.  MacWUBam,  B. 
K«nB,  Mid  G.  BftBOK  VUhbu 
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end  was  closed  by  an  external  pressure  not  much 
above  what  was  necessary  to  elicit  maximal  pulsa- 
tion in  the  rest  of  the  tube."  ' 

A  glance  at  a  spliygniomanogram  (the  record  of 
oscillation)  suffices  to  show  us  how  indefinite  are 
the  readings  of  the  systolic  and  diastolic  pressures. 
Moreover,  it  does  not  possess  the  redeeming  fea- 
tures of  an  ordinary  sphygmogram,  which  often 
provides  useful  clinical  information. 

III.  The  Auscultatory  Method 

In  1905  Korotikow «  of  Petrograd,  guided  by 
expmmental  data,  proposed  the  use  of  the  stetho- 
TCope  for  determining  arterial  blood-pressure  ia 
man ;  and  Krylow,'  a  physician  in  Potrograd,  was 
the  first  to  adopt  it  in  clinical  o' )servation.  The 
method  was  favourably  accepted,  and  freely  era- 
ployed  in  Russia  and  Germany ;  and  after  the 
lapse  of  some  years  it  was  taken  up  by  a  few  ob- 
servers in  the  United  States.  But  in  1910,  not 
having  heard  of  its  adoption  byany  British  observ  m-, 
1  ventured  to  bring  forward  the  results  of  my  own 

»  Heart,  vol.  v,  1914,  p.  172. 

*  MUAeaungm  der  KaueH.  MUtf-Medk.  Akad.  z.  St.  POmbmrf, 
1905,  vol.  ii,  p.  365. 

*  Verhandiungen  des  Kongresaes  fiir  innere  Medizin,  Wiesbadra, 
1907,  vol  Miv,  pp.  404  et  teq. 
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observations,  and  to  suggest  certain  modifications 
in  technique.* 

More  recently  the  method  has  been  subjected  to 
a  thoroughly  critical  examination,  experimental 
and  clinical,  by  J.  A.  MacWilliam,'  Regius  Pro- 
fessor of  Physiology  in  the  University  of  Aberdwn, 
and  his  assistants  J.  E.  Reason,'  G.  Spencer  Melvin,* 
and  J.  R.  Murray,'  and  the  outcome  of  this  in- 
vestigation not  only  confirms  the  main  results  of 
previous  work,  but  has  established  the  method  on 
an  assureu  basis. 

The  Throb.— When  the  end-piece  of  a  stetho- 
scope is  placed  over  the  brachial  artery  at  the  bend 
of  tiie  elbow,  under  pressure  a  bruit  is  heard,  the 
quality  of  which  varies  with  the  amount  of  pressure 
and  the  position  of  the  end-piece  in  relation  to  the 
arterial  wall,  the  bruit  assuming  the  character  of  a 
throb,  or  a  harsh  murmur,  or  of  both.  The  harsh 
scratchy  murmur  can  be  produced  at  will  by  press- 
ing the  rim  of  the  stethoscope  unevenly  over  the 
artery.  The  bruit  is  produced  by  the  pressure 
brought  to  bear  on  the  end-piece  ;  a  certain  degree 
of  pressure  is  necessary  to  produce  it,  and  a  further 

1  Proc.  Xoy.  Soc.  of  Medicine,  1910,  vol.  iii  (med.  sec.),  p.  207, 
Mid  (olfa.  Beo.)  p.  8;  Quart.  Jem*,  of  Estp.  PhtfUoL,  nA. 
1911,  p.  45. 

•  Heart,  vol.  v,  1914 ;  Brit.  Med.  Joum.,  1914,  vol.  i,  p.  693. 
>  Brit.  Mid.  Jmam.,  1914,  toL  i.  p.  687. 
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degree  iatensifies  it  The  annlet  is  a  deyice  which 
enables  us  to  distribute  external  pressure  evenly 
over  a  12  cm.  length  of  artery,  so  that,  when  the 
end-piece  of  a  stethoscope  is  applied  over  the  vessel 
just  beyond  it,  the  bruit  may  be  heard  free  from  the 
factitious  disturbance  produced  by  the  irregular 
application  of  pressure. 

The  Cause  of  Throb.— The  production  of  throb  in 
the  artery  depends  on  three  leading  factors :  (1) 
external  pressure,  (2)  a  sufficient  velocity  of 
current,  and  (3)  vibration  of  the  arterial  wall. 

The  Site  of  the  Production  of  the  Throb.— It 
had  hitherto  been  held  that  the  throb  is  generated 
in  the  distal  artery  just  beyond  the  amdet.*  J.  A. 
MacWilliam  and  hk  assistants,  however,  have 
shown  that  tiiis  view  k  unt^able,  and  the 
sounds  are  produced  by  vibxalkts  ^e  waUs  oi 
the  artery  compres  ;d  by  the  annlet ;  not  much, 
if  at  all,  by  changes  in  the  distal  portion  of  the 
ve£»eL  I  endcase  this  conclusion,  and  I  regard  the 
pronounced  character  of  the  throb  over  the  artery 
at  the  bend  of  the  elbow  as  due  to  the  augmented 
conduction  by  current,  and  not  as  indicating  the 
place  of  its  or^n. 

»  In  IWO  (»ee  Quart.  Joum.  of  Exp.  Phyaid.,  vol.  iv,  p.  4G)  I  up- 
held the  view  then  current ;  but  Binoe  that  date  I  have  been  led  by 
ubaervatioD  tu  discard  it. 
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The  Phases  of  Throb.— When  the  armlet-pres- 
sure is  raised  or  lowered,  a  regular  succession  of 
variations  of  the  quality  of  throb  is  discovered. 
On  compression,  these  phases  are  not  so  apparent  or 
so  loud  as  on  deconipression.  The  release  i^irob  is 
generally  sharp  and  clear,  resembling  the  sounds  of 
a  fcBtal  heart ;  then  this  quality  of  clear  and  shurp 
definition  gives  place  to  a  muffled  quality  or  mur- 


Skort      murmur  Clw 


ftiaiaj  Prrature 
Vm.  5. 

Bf       pirmiitkm M rtt  Smt  H  "Tin  frnditfiut." 

niurishness,  or  a  distinct  murmur,  which  is  suc- 
ceeded by  a  loud  and  clear  note  or  thud  williout 
murmur ;  and  finally,  the  throb  suddenly  becomes 
quite  dull  and  distant,  before  it  vanishes.^  Putting 
a»de  the  t^i^fmiawse  and  &e  final  cUsapp^yei^Sd 
of  <3ie  throb,  decorapr^ion  fumishes  four  succ«i- 
»Te  sti^  of  radalion  in  the  quality  of  the  souiwl, 
in  the  following  order,  characterked  by  (1)  sharp* 

1  Sttegn,  WkMT  MUti.  WeAmtAr.,  1907,  toL  sz,  p.  982. 
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neas,  (2)  munnurisliness,  (3)  loudness,  and  (4)  dul- 
ness  (see  Fig.  5).  Of  these  phases,  the  niurmurish 
one  is  the  least  constant,  being  frequently  absent 
or  so  short  as  to  be  easily  missed.  Several  observers 
have  assigned  some  clinical  significance  to  the 
length  of  each  phase,  which  varies  considerably  in 
dilTcrent  cases.  But  1  think  that  such  an  influence 
is  of  doubHul  value,  except  in  the  case  of  the  third 
ph.'ise,  the  middle  third  of  the  range  of  throb,  which 
I  beUeve  to  be  a  useftd  guide  in  estimating  the  tone 
and  vigour  of  the  heart ;  for  when  there  is  cardiac 
weakness,  the  range  of  maximum  throb  is  shortened, 
and  the  loudness  of  it  is  reduced;  and  when  the 
vigour  of  the  heart  is  restored,  the  range  is 
lengthenedand  the  throb  becomes  louder.  The  effect 
of  tonic  treatment  of  the  heart  can  thus  be  followed.' 

Tli«  Aumorj  Criteria  of  the  Systolic  and  Dias- 
tolic Pressure.— There  has  never  been  any  doubt 
as  to  the  auditory  criterion  of  the  systolic  pressure. 
It  is  the  first  throb  heard  on  decompression  after 
obUteration.  The  reading  generally  somewhat  ex- 
ceeds that  of  the  tactile  method  -the  ditlerence 
being  from  3  to  5  mm.  But  the  diastolic  criterion 
has  hitherto  always  been  regarded  as  uncertain. 
Most  observers  have,  however,  accepted  the  dis- 

»  Fischer,  Zeitachr.  /.  diatet.  m.  phyaik.  Therap.,  Oct.  1908; 
FractiiioHer,  1914,  p.  90. 
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appearance  of  throb  on  decompression  as  the  best 
indication  of  it  for  all  practical  purposes,  posses- 
sing as  it  does  the  quality  of  sharp  definition  which 
all  observers  can  recognise  without  training. 

But  many  observers,  including  myself,  have 
thought  the  true  diastolic  point  must  be  somewhat 
higher,  and  have  suggested  that  it  should  be  placed 
just  where  the  clear,  loud  note  becom«i  suddenly 
dull,  and  mufled  or  distant.  Personally  I  liave 
found  this  index  pirecise  enough  for  accurate  woA, 
and  I  have  no  doubt  others  will  find  it  to  be  equally 
definite.^  But  now,  any  hesitancy  in  accep<ang 
this  as  the  true  auditory  diastolic  point  is  removed 
by  tiie  recent  investigation  of  J.  A.  MacWiUiam, 
G.  Spencer  Melvin,  and  J.  R.  Murray,  the  results 
of  which  I  subjoin :  • 

"  At  a  comparatively  early  stage  in  our  in- 
v^tigation  of  methods  of  blood-pressure  estima- 
•'.iv  ;  in  man  we  had  recourse  to  animal  experiment, 
Lhun^h  we  have  not  hitherto  published  any  state- 
ly of  such  experiments  having  reference  to  the 
verification  of  diastohc  pressure  estimation  by  the 
auditory  method." 

"  In  the  case  of  small  animals,  the  testing  of  the 

»  Practitioner,  1914,  p.  90. 

»  Joum  of  Physiol.,  1914,  vol.  xlviii  (Proo.  Physiol.  Soc., 
Hansh  14,  1914),  p.  JCXTti. 
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auditory  method  is  not  satisfactory,  but  in  animals 
of  sufficient  size  the  proccthire  oilers  no  special 
difficulty  apart  from  those  connected  with  respiia- 
tory  disturbance  associated  with  the  ana'sthetic. 
We  have  found  tlie  sheep  a  very  suitable  eubject. 
The  results  arc  definite  and  convincing." 

"  The  animal  is  ansesthetised  with  ether  and 
chloiofonn,  after  a  preliminary  injection  of  mor- 
phine and  chloral.  A  lai^ieHsized  reservoir  cannula 
is  placed  in  the  central  end  of  the  left  carotid  artery 
at  the  root  of  the  n^k,  and  is  connected  by  non- 
distensible  tubing  with  a  set  of  manometers — 
▼ahred  ones  for  maximum  uid  minimum  pressures 
and  a  *  compensated '  one  for  mean  pressure— so 
thai  t^e  intara-art^al  pressure  can  be  brought  to 
bear  on  any  of  the  manometers  as  desired." 

"  An  ordinary  armlet  12  cm.  broad  is  applied 
round  the  neck,  it  being  noted  that  the  circumfer- 
ence of  the  latter  is  not  too  great  for  such  a  breadth 
of  armlet.  The  armlet  pressure  being  raised  and 
lowered  in  the  usual  way,  the  auditory  phenomena 
are  examined  by  means  of  an  Oliver  tambour 
(phonendoscope)  applied  over  the  right  carotid 
artery  on  the  distal  side  of  the  armlet,  the  artery 
being  left  covered  by  the  tissues  with  the  exception 
of  the  skin. 

*•  In  order  to  prevent  disturbance  from  venous 


READINO  THE  ARTERIAL  PRESSURE  99 


congestion  of  the  head  due  to  obstruction  caused 
by  the  arnil<'t  pressure,  the  internal  jugular  vein 
is  protected  by  a  spht  lead  tube  (15  cm.  long)  which 
prevents  its  being  compressed  by  the  armlet  pres- 
sure.  A  tracheal  cannula  was  sometimes  used." 

One  observer  made  the  auditory  olmervations 
and  read  off  the  samlet  pressures  from  a  mercury 
manometet,  while  ano^w  determined  the  in^- 
arterifd  pressures  as  shown  by  the  valved  mano- 
meters. The  obiE^rvers  frequently  di«^^  fU^m, 
ami  repelled  the  estimations.  The  operalave  part 
of  the  ex'^eriments  was  performed  by  two  of  us 
(J.  A.  I      \  and  G.  S.  M.)." 

"  The  »^aitory  phenomena  were  very  marked 
and  characteristic,  the  phases  corresponding  with 
those  found  in  man  and  in  a  circulatory  schema. 
The  systolic  auditory  index  was  found  to  be  correct. 
The  auditory  diastolic  index  constituted  by  a 
sudden  dulling  and  weakening  sound  at  a  certain 
point  in  the  lowering  of  the  armlet  pressure  proved 
a  very  accurate  guide  to  the  intra-arterial  diastolic 
pressure  as  shown  by  the  minimum  manometer.^ 
Extinction  of  sound  was  much  later.** 

*  "  We  arrived  at  this  conclusion  on  other  grounds  also,  from  ex- 
periments with  a  circulatory  schona  as  desmbed  in  Hmrt,  1914, 
p.l93,  and  from  observations  made  on  man  in  different  circumstances; 
see  paper  in  the  Quart.  Joum.  of  Exp.  Physiol.,  1914,  vol.  viii,  and 
<»e  ki  tlw  BriHdt  Mei.  J<m»^  WasA  1914." 
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"  Conaderable  variations  in  pressure  and  pulse 
rate  v/ere  induced  in  the  course  of  the  observations 
with  no  inipairinent  of  the  accuracy  of  the  results. 
The  pressure  was  raised  by  mechanical  compres- 
sion of  the  abdomen,  lowered  by  an  increased  dose 
of  chloroforn),  etc.  Pulse  rates  varying  from 
about  60  to  110  were  present  at  the  diilerent 
phases." 

"  We  also  tried  the  oscillatory  method  by  con- 
necting the  annlet  with  the  Erlanger  sphygmomano- 
meter and  with  ^e  Fachon  sphygmo-osdllometer, 
but  fonnd  the  indications  more  difficult  to  r^ 
than  the  auditory  ones/' 

**  At  thebeginmi^;  of  the  observations  before  the 
armlet  was  inflated,  the  pressures,  as  shown  by  the 
manometers,  were:  Systolic  110,  Mean  80,  Dias- 
tohc  52,  the  mean  pressure  being  only  slightly 
different  from  the  arithmetical  mean." 

Some  experimental  data  are  subjoined : 


Remarks. 

Much  chloroform  given. 


1  96  45  46 

2  96  61  60 

3  98  54  50 

4  9b  56  63 

5  96  60  60 

6  102  84  80 


Pulse  rate  110. 


7 


96 


60 


60 
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Obwrralion.  SyiUdic.  DiMtoikj.  Ueading. 

8        lis        70  70 

•         112         70  70 
10  86         41  40 


Intrs-«rt.  rrMmiM  by 

V'alv  J  Manoinr-tor^t.  Aiiilltnrv 


Uwnarka. 


DoM   of   ohloroform  in* 


II 
18 
13 
14 
16 


85 
94 
B< 

94 
80 


48 
46 
74 

65 
£6 


47 
45 
74 

68 
54 


This  v^ification  of  the  diastolic  ciitericm  «l 
point  at  which  the  clear  note  of  the  third  phase 
ceases  and  the  dull  note  of  the  fourth  begins  is  a 

matter  of  considerable  practical  im'  ortancc ;  for 
G.  S.  Melvin  and  J.  R.  Murray  have  found  that  the 
duration  of  the  fourth  phase  is  not  a  question  of 
some  5  mm.  only,  as  has  been  hitherto  held/  but 
may  in  any  particular  case  extend  from  a  few  mm. 
to  30  or  even  55  mm.,  and  these  observers  re- 
mark :  "  It  is  clear  from  our  results  that  the  per- 
sistence of  the  fourth  phase  may  often  be  so  long 

*  I  have  hitherto  regained  5  mm.  as  the  average  length  of  the 
fourth  phase.  "  Goodiaan  and  A.  A.  Howell  hUUi  6  mm.  Watfidki 
pote  it,  fOT  BowBiU  pgeawuet,  »t  4  to  lOaan.,  oooaaionally  not  mora 
than  2  to  4  mm.,  but  with  high  pressures  never  less  than  8,  and 
■ometimes  as  high  as  16  mm.  Weysse  and  Lutz  make  it  at  most 
25  mm."  (quoted  from  the  paper  "DkMtolio  Blood-I¥eMU« 
Estimations  the  Auscultatory  and  Oscillation  Methods," "by 
G.  S.  Melvin  <^d  J.  R.  Murray  in  Q^tart.  Joum.  of  Experiment 
Fhgnoiagg,  mi,  toL  viii.  p. 
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tliftt  to  take  the  lower  limit  as  the  diaatolio  into 
would,  in  many  cases,  lead  to  hopelessly  enoneovs 
results."  "  It  is  to  be  noted  that  the  average 
duration  of  the  fourth  phase  is  vastly  greater  than 
has  been  suggested  by  former  observers,  and  that 
there  is  no  constant  association  with  variations  in 
pulse  rates,  systolic  pressures,  or  pulse  pressures.** 
The  clinical  significance,  if  any,  of  the  length  of  the 
fourth  phase  is  unknown.* 

The  Insufficiencies  and  Advantages  of  the  Audi- 
tory Method. — My  observations  with  the  auditory 
method  enable  me  to  ei^orsc  the  following  summary 
of  the  conclusions  formed  by  J.  A.  MacWilliam 
uid  hk  co-workon  as  to  Hie  limilataoiis  and  adv«t« 
tagesof  that  method — founded  as  they  are  on  well- 
attested  ezpeiiomtal  and  dimcid  data. 

Ltmitetioiis  and  Sources  of  PaUacy  are  ¥tm  and 
Eaiity  Guarded  Against. — (1)  In  many  cases  of 
aortic  insufficiency  the  well-known  sound  (qnitefio 
thud  or  shock  and  sometimes  the  double  murmur 
of  Durozi^)  mi^e  the  aiulitory  metitod  im^j^ie- 
able. 

1  In  tiM  majority  of  hospital  eaaea  and  of  micUle-«ged  and  elderly 

persons  anil  in  young  children  the  fourth  phase  is  very  short,  and  in 
subjects  with  thickened  arteries  and  high  arterial  pressure  it  is 
specially  ao  or  almost  absoit,  but  in  young  adults  (men  and  women) 
it  is  frequent^  coMiderably  extended  (oMnmanioated  by  Fni. 
MacWilliam). 
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"  (2)  An  obstructed  flow  of  blood  through  the 
brachial  artery  impairs  the  validity  of  the  auditory 
criteria.  This  may  arise  from  congestion  of  blood 
in  the  limb  distal  to  the  armlet  from  unnecessarily 
prolonged  constriction,'  or  from  an  excessively 
small  calibre  of  the  brachial  artery  or  its  contmua- 
tions  ill  the  forearm. 

(3)  An  extremely  low  pulse  pifssuie,  doe  to 
small  cardiao  oatput  (feeble  huxt,  rvf  esfieaure 
pulse  rate,  etc.),  wi^  xelazed  peripheral  vessels.* 

Wbile  tlie  brachial  axtery  is  ezo^entfy 
adapted  lor  this  met^,  appUeation  of  the  amilet 
to  ^e  foreann  gives  unsatisfactory  results  as  a 
rale.  The  range  of  sound  heard  over  the  radial 
artery  is  defective,  being  shortened  both  above  and 
below,  i.e.  the  systolic  index  is  too  low  and  the 
diastolic  too  high. 

(5)  The  possibility  of  conduction  of  the  sound 
along  a  bone  occasionally  comes  into  question 
both  as  regards  the  systolic  and  the  diastolic  index. 

1  Pioknged  oonstriotion  and  congestion  of  the  limb  is  nnt  if 
adopting  one  ot  oihes  of  the  rapid  methods  of  filling  dosraibed  aa 
pp.  8,  II,  and  1S8. 

2  In  such  cases,  and  sometimes  in  the  obese  in  whom  the  throbs 
are  sometimes  feeble  from  deposition  of  fat,  the  observer  should 
extend  tiw^bcnr,  so  u  to  ]Re^  fi»  aarlary  t  and  if  this  fails  to 
furnish  the  full  range  of  throb,  he  should  rely  on  the  tactile  index  for 
the  systolic  and  on  Pachon's  visual  index  afforded  by  my  mano- 
mster       ik»  9  um-  bw*  bit  ^  diMtoSe  m/SSa^  (n*  p.  6), 
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"  (6)  Improper  adjustment  of  the  auditory  tam- 
bour might  possibly  lead  to  inaccuracy,  but  not 
when  the  tambour  is  properly  situated  with  no 
appreciable  pressure. 

'*  In  all  the  conditions  mentioned,  insufficiency 
of  flow  is  the  leading  source  of  fallacy  ;  the  sound 
on  decompression  being  delayed — thus  affording  an 
under-estimateof  the  actual  systolic  pr^sare— and 
declining  too  soon — ^thus  making  the  diastolic 
reading  too  high.  But  such  an  vaAue  lowering 
of  the  upper  limit  of  sound  is  readily  recognisable 
by  using  the  tactile  systolic  index  simultaneously, 
and  this  affords  a  most  important  indication  of 
the  unreliability  of  the  sudden  declension  as  an 
index  of  diastolic  pr^ure.  We  adopt  and  recom- 
mend as  the  routine  procedure  the  simultaneous 
determination  of  (1)  the  reappearance  of  the  pulse 
by  the  ordinary  tactile  method,  and  (2)  the  auditory 
systolic  index  as  a  method  of  verifying  the  correct 
arrangement  of  the  auditory  tambour,  and  its  ap- 
plicability to  the  conditions  present  in  any  par- 
ticular case." 

The  Advantages. — (1)  The  simplicity  and  quick- 
ness of  the  procedure  are  obviously  very  great  con- 
siderations, dispensing,  as  it  does,  with  relativdy 
eitmbioas  wod  toe^wasting  apparatus  (smoked 
drum,  recording  tambour,  etc.). 
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(2)  The  avoidance  of  the  rmfoTt  and  reflex 
disturbance  of  the  whole  oil  tmlation  causod  by  tiie 
prolonged  and  uninterrupted s  confitrictioa  and  con- 
gestion of  the  limb,  necessitated  by  iilie  oscillatory 
method  in  pushing  up  the  armlet  pressure  well 
above  the  obliteration  point,  and  in  slow  decompres- 
sion, either  for  the  graphic  record  or  for  the  re- 
puted observation  of  the  range  of  oscillation  at 
frequent  stages  in  the  visual  method  of  Pachon. 

(3)  The  much  greater  d^miteness  of  the  sys- 
tolic and  diastolic  index,  as  compared  with  the 
difficulty  and  uiicerttdnty  of  that  of  the  oscillatory 
method  (Recklinghausen— Erlanger  and  Pachon). 

(4)  The  greater  constancy  of  the  results.  Apart 
from  movements  of  the  limb,  the  Erlanger  record  is 
apt  to  vary  much,  and  this  is  not  surprising  in  view 
of  the  complexity  of  the  conditions  which  may  be 
present,  and  play  a  part  in  influencing  the  oscilla- 
tions. The  auditory  method  is  much  less  dis- 
turbed by  alterations  in  the  arterial  walls  (resist- 
ance, distensibility,  etc.) ;  this  naturally  resulls 
from  the  required  degree  of  flattening  of  the  arterial 
tube  being  very  much  less  tdum  in  the  other  (oscillfr- 
tory)  method,  while,  in  a  verael  presenlong  unequal 
resistance  dong  its  course,  change  horn  the  circular 
form  in  a  c<HBpffiraMv^  tSimt  piece  sufili»i  ^ 
produce  a  sound,  while  flattening  along  the  whole  or 
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the  greats  part  is  needed  to  give  maximal  osciUa- 
tions ;  numerous  influences  may  tend  to  give  a 
gradation  in  the  development  of  the  oscillation, 
and  an  absence  of  any  sudden  and  striking  change 
in  the  size  of  the  oscillations.  The  greater  degree 
of  flattening  approaching  complete  flattening  neces- 
sary to  give  maximal  oscillation  in  a  practically 
non-distensible  tube  is  an  important  factor,  while 
the  form  of  the  pulse  curve  may  also  be  such  as  to 
aid  in  increasing  the  excess  of  external  pressure  re- 
quired. The  varying  influence  of  volume  changes 
due  to  elongation  does  not  come  into  question  in 
the  auditory  method. 

(5)  The  auditory  diastolic  reading  is  quick  and 
simile,  more  pteem  and  easily  interpreted,  and  m 
less  disturbed  by  abnormal  conditions  than  that 
yielded  by  other  me&ods  (visual,  graphic,  etc.), 
rendering  the  latter  unnecessary.  It  is  a  procedure 
that  takes  very  little  time  and  trouble,  and  yields 
very  definite  and  valuable  information ;  moreover, 
it  produces  less  circulatory  disturbance  in  abnor- 
mally sensitive  subjects  than  the  stronger  (obUtera- 
tive)  constriction  of  a  comparatively  large  vascular 
area  involved  in  systolic  determination ;  and  is 
much  less,  if  to  aii/  appreciable  extent  at  all,  aftected 
by  the  main  sources  of  fallacy  in  systolic  estimation, 
such  as  the  resistance  of  the  arterial  wall,  possi- 
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bl iity  of  reflected  waves,  etc.  FiVen  comparatively 
slight  changes  in  diastolic  pressure,  unless  depend- 
ent on  alterations  in  the  pulse  rate,  are  of  considera- 
able  significance  as  indications  of  circulatory  condi- 
tions (changes  in  peripheral  resistance,  etc.). 

(6)  The  auditory  systolic  reading  should  also  be 
made  as  a  routine  practice,  and  this  should  be 
checked  by  the  ordinary  tactile  method.' 

(7)  The  "  pulse-pressure  range  "  (see  p.  43)  as 
determined  by  the  auditory  method  is  much  more 
extensive  in  many  pathological  conditions  than  is 
indicated  by  ike  ordinary  accepted  rat^. 

(8)  It  is  clear  that  the  auditory  method  must 
supersede  the  maximum  oscillalaon  method  and 

that  have  hem  proposted-— based  on  the 
recognition  of  changes  in  the  artery  distally  to  the 
armlet ;  the  last  named  we  have  found  to  be  un- 
reUable.  The  maximum  oscillation  method  in  its 
best  form  is  relatively  elaborate  and  cumbrous, 
subject  to  many  causes  of  variation,  dubious  in 
its  indications  in  many  cases,  and  quite  unnecessary 
in  view  of  the  simpUcity  and  reUabiUty  of  the 
auditory  method. 

Ina  recentstudy  of "  Blood-PressurcEstiniationin 
Disease,  by  the  Oscillatory  and  Auditory  Methods," 
G.  Spencer  Melvin  and  J.  R.  Murray  disclose  a 

'  See  aUo  Pro.  Boy.  Soe.  Med.,  1910.  vol.  iu  (med.  wc.),  p.  207. 
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marked  discordance  between  the  two  method.-  of 
reading  the  diastolic  pressure  and  the  range  of 
pulse  pressure  in  fifty-one  pathological  cases,  as 
compared  with  the  practical  concordance  in  a  series 
(fifty-nine  subjects)  of  normal  young  adults  ;  and 
they  conclude  their  study  with  the  following  com- 
ment :  "  In  the  presence  of  such  discordance,  we 
preier  the  auditory  readings,  in  view  of  the  evidence 
available  as  to  the  complexity  and  variability  of 
the  oscillation  method  in  different  conditions,  and 
the  reliabilityol  the  auditory  indications  as  verified 
by  comparison  with  di^^ect  measurement  of  the 
intenud  pr^ures,  by  valv^  manometers  in  an 
^Epefimentfd  »$hema  and  in  animate ;  in  botibi  of 
th^  the  auditory  index  wap  found  to  be  a  remark- 
ably accurate  guide  toUie  actttid  diastolic  pressure."* 

IT.  NOBMAL  AND  PaTHOLOOICAL  BeADINOB  OV 

THE  Arterial  Pressube 

Normal  Readings. — In  the  following  table  the 
average  systolic,  diastolic,  and  pulse  pressures  are 
arranged  for  the  leading  stages  of  life,  represented 
by  children,  young  adults,  the  middle  aged,  the 
elderly,  and  the  i^ed.  The  outside  limits  of  normal 
variation  (plus  or  minus)  are  not  given ;  but  for 

>  Quarterly  Jomm.  of  MtHeku,  1014,  vol.  vii,  pp.  il9-26. 
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practical  purposes  these  will  be  covered  by  adding 
to  or  subtracting  from  the  average  figures  15  mm. 
for  the  systolic,  and  5  to  7  mm.  for  the  diastolic 
pressure  readings. 

I  prefer  this  mode  of  estimating  the  ordinary 
physiological  limits  of  variation  of  the  arterial 
})lood-pressure  to  that  usually  adopted ;  because 
it  enables  us  to  make  a  better  estimate  of  the  patho- 
logical bearings  of  the  arterial  pressure  at  dil^Bt 
ages  than  we  can  obtfdn  by  fixing  for  all  i^es  the 
upp»  limit  of  150  or  160  mm.,  and  the  lower  limit 
somewhere  short  of  100  mm.  This  upper  margin 
of  normal  pressure  is  useful  enough  when  the  patient 
has  passed  his  ^ztieth  year  or  so  ;  but  is  misleading 
in  younger  subj^ts,  and  especially  in  th(»3e  below 
forty. 

Average  Normal  Arterial  Pressures  determined 
by  the  Auditory  Method  with  Tactile  Systolic 

Check. 

SystoUo  Pr.         DtestoUo  Pr.t    PdIm  Pkmbm. 
Under  16  •  .       .      107  74  33 

20-40         .       .       .    112-125  65-80  46 

40-aO  .      .   I^ISS  80-85 

60-SO         .       .       .    186-165  86-90  SO-W 

Over  80  *  .       .   Reduction  of  all  the  preasures 

^  All  preTioua  estimates  of  the  normal  diastoUo  pressure  deter- 
mined by  the  maximiim  os^to^m  eriterkm  ue  too  hi|^ 

^  Data  supplied  by  G.  Spencer  Melvin  &  J.  R.  Mumy,  Quarteriff 
Jaum.  of  Exper.  Physiol.,  vol.  viii,  p.  136. 
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F.  A.  Fauglit's  rule  for  calculating  the  normal 
average  systolic  pressure  is  very  simple  and  easily 
kept  in  mind  ;  consider  it  to  be  120  mm.  for  a 
niale  subject  of  twenty,  then  add  1  mm.  for  every 
additional  two  years  of  life.' 

The  best  series  of  normal  systolic  pressures  on 
record  is  that  afforded  by  13,067  lives  accepted  by 
the  North-western  Mutual  Life  Insurance  Co.* 
from  1907  to  1911.*  The  figures  are  arranged  in 
quinquennial  stf^es. 


i^IM-  Namber  of         Armg*  ^itoUo 

0mm.  rw— iiM 

15-19  21  llStX) 

20-24  .       .       .       .       .       56  123-53 

£5-29  .       .       .      .       .       80  126-61 

30-34    86  I2SS0 

35-39  .....      177  12625 

40-44  5,424  12826 

45-49  .      .       .       .       .   3,867  130-51 

50-64  .....   2,199  131-98 

65-60    1,187  134-46 


Pi^^ogical  Reftdfaigs.— In  deciding  on  tl^ 
normality  or  abnormality  of  any  individual  arterial 

^  Blood-Preamn  from  a  (Miieal  Standfoint,  by  F.  A.  Faught, 
M.D.,  0te.,  fUbd.  s&d  X^wd.,  1913,  p.  S21. 

jjy*  This  insurance  company  does  not  accept  Uvea  over  sixty, 

*  The  Diagnostic  Value  of  the  Use  of  the  Sphygmomanometer  in 
Emminatioiu  far  Lift  Innmmee,  by  J.  W.  Fkhar,  M.D.,  Medical 
Director  of  the  North-western  Mutual  Life  Insurance  Co.,  1911. 

*  The  auditory  reading  of  these  figures  would  be  a  little  higher 
(3  to  5  mm,). 
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blood-pressure  we  should  take  into  consideration 
several  data  :  such  as  (1)  the  average  maximum 
above  or  the  average  m?!iimum  below  the  general 
average  reading  for  age  in  a  large  group  of  healthy 
subjects;  (2)  the  coUatend  clinical  evidence  in 
the  patient  of  the  cardio-vascular  syndromes  of 
hyp^tendbn  and  hypotension  and  of  the  patho<> 
logical  causes  which  raise  or  lower  tiie  art^al 
pressure ;  and  (3)  the  concUtioia  furnished  by  the 
individual  which  may  modify  t^e  readings  of 
arterial  pressure. 

H.  P.  Woley  ^  has  recorded  and  averaged  the 
low  and  high  readings  of  the  systolic  pressure  in 
1,000  healthy  subjects  from  the  age  of  fifteen  to 
sixty-five,  observing  all  possible  precautions.*  The 
following  table  is  an  epitome  of  his  results : 


The  averages  for  females  are  7*5  lower. 

^  Joum.  of  American  Med.  Aaaoc.,  1910,  vol.  It,  pp.  121-3. 

*  Uniform  standard  conditions  in  armlet  (12  cm.  broad),  poatan 
(sitting)  were  observed  and  the  reraHiiran  InfMB^  e^adsad  bf 
two  physioiana  working  togethw. 

*  nwMidttory  nMUDgs  (rf  tbefigaiw  woald  b»fri«i  8  to  6  bbl 


Ag.. 

16-30 
30-40 
«>-80 

50-60 
(55-66 


.  103 

.  107 

.  lis 

.  115 

.  120 


122  141 

127  143 

130  140 

132  149 

138  163) 
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If  we  place  the  commencement  of  pathological 
leadings  5  mm.  or  so  outside  these  high  and  low 
averages  of  the  physiological  systolic  pressure,  we 
obtain  figures  which  practically  conform  with  the 
pathological  ones  furnished  liy  general  clinical 
experience ;  namely,  above  145  or  below  100  before 
middle  life  (forty),  or  over  160  or  under  HO  after. 
But  of  course  such  figures  must  be  verified  by 
repetition,  not  only  on  one,  but  on  more  than  one 
occasion,  and  by  the  exclusion  of  avoidable  faUacies 
(see  Chap.  V.).  In  the  above  table  the  high  and  low 
figures  for  age  in  the  apparently  healthy  therefore 
border  on  the  readings  of  hypertension  and  hypo- 
tension, and  they  are  clinically  important ;  for  they 
should  suggest  more  pwticular  inquiry,  so  that 
preventive  treatment  may  be  adopted  early  when 
that  is  found  to  be  nectary. 

Pathdo^  systolic  readings  in  hypertension 
may  extend  from  145  to  160,  according  to  age,  to 
at  least  300  mm. ;  and  in  hypotension  they  may 
fall  from  100  or  110  to  60  mm. ,  or  even  lower.  In 
hypertension,  readings  of  200-220  are  moderately 
high ;  of  250-275  are  very  high ;  and  of  280-300  are 
not  only  excessively  high,  but  are  quite  exceptional. 

The  range  of  pathological  diastolic  readings  is 
cbout  50  per  cent,  less  than  that  of  the  systolic ; 
and  the  individual  differences  observed  within  the 
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same  decade  are  also  diminished  to  the  same 
extent.  Therefore  we  should  attach  clinical  sig- 
nificance to  comparatively  small  increments  and 
decrements  of  the  diastolic  pressure.  Diastolic 
readings  of  90-100  in  subjects  undei  forty  and  of 
100-110  after  that  age,  when  verified  on  more  than 
one  occasion,  should  call  for  precautionary  inquiry  ; 
and  those  of  120-130  are  moderately  high,of  15(^160 
are  very  high,  and  of  16&-175  are  excessively  high. 

The  measur^ent  of  the  puke  pressure  (see  p.  43) 
and  of  the  brachio-digital  difierence  (see  p.  59) 
may  provide  corroborative  or  corrective  evidence 
of  the  normality  or  abnormality  of  the  arterial 
blood-pressure. 

Qualifying  Conditions. — In  deciding  whether  any 
particular  arterial  pressure  is  pathological  or  not, 
the  observer  should  not  ho.  altogether  bound  by 
figures  which  denote  the  outside  limits  of  normal 
pressure  for  age ;  he  should  take  into  considera- 
tion certain  qualifying  conditions  such  as  sex, 
temperament,  mode  of  life,  body  weight  and  build, 
and  heredity. 

In  women,  the  systolic  pressure  and  pulse  pres- 
sure are,  as  a  role,  about  10  mm.  and  tibe  ^astofic 
5  mm.  less  than  in  men. 

Nervous,  anziotis  subjects,  and  occnpaticms  which 
involve  much  anxiety^  worry,  aod  oefveHstrmii, 
8 
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yield  somewhat  higher  levels  of  arterial  pressure 
^.especially  iti  the  latter  half  of  life.  On  the  other 
hand  placid  temperaments  and  routine  occupa- 
tions, especially  of  the  physical  kind,  dispose  to 
the  lower  degrees  of  pressure.  In  subjects  in 
good  conditk>n  and  fining,  such  as  athletWj 
the  arterial  pressure  is  very  often  below,  rather 
than  above,  the  normal  average;  a  fact  whkh 
points  to  the  unpottaaee  of  maintaining  through- 
out life  the  functional  activity  of  the  peripheral 
cmmtetaon  by  exercise.  And  this  infereiwe  u  sup- 
ported by  the  observatioi  iat  in  those  normid 
subjects  who  follow  sedentary  indoor  occupations 
for  many  hours  daily,  the  pressure,  though  gener- 
ally normal,  is  more  frequently  above  and  less 
frequently  below  the  normal     essure-line  for  age. 

Small,  light  subjects,  especially  women,  have 
generally  somewhat  low  arterial  pressures  ;  so  that 
in  such  cases  a  rise  above  the  normal  for  age,  which 
may  be  comparatively  slight,  should  be  regarded 
as  more  significant  than  in  subjects  of  average  build 
and  weight.  Broad  or  largely  built  sid>jeets, 
especially  when  ob^e,  often  yidd  high^  arterial 
pressures,  which  for  them  are  generally  not  ab- 
normal ;  and  when  in  such  esam  ^e  pressure  is 
subnormal,  there  may  esast  clinical  indications  of 
its  in^leieney. 
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In  certain  families,  heredity  plays  a  part  in  indue* 
ing  higher  or  lower  ranges  of  arterial  pressure. 

The  modifying  influence  of  unusually  hot  or  cold 
weather  (the  hypotonic  effect  of  heftt  ttud  ^ 
hypertonic  effect  of  cold)  on  the  blood-pressure 
should  also  be  kept  in  mtsd.  According  to  my 
observation,  warm  wea^er^  espwiidfy  when  decided 
and  continued,  may  let  down  the  systolic  blood- 
^eanire  from  10  to  even  20  mm.,  and  cokl  weather 
may  raise  it  to  a  similar  extent.  Hence  during 
spdls  of  hot  weather  an  arterial  pressure  may 
appear  to  be  quite  normal,  whereas  when  the  tem- 
perature is  ordinary  and  temperate  it  may  exceed 
the  upper  physiological  limit ;  and  in  very  cold 
weather  the  pressure  may  seem  to  be  higher  than 
it  is  at  other  times. 

There  is  also  some  evidence  to  show  that  in 
tropical  countries  (such  as  India)  the  arterial  pres- 
sure is  lower  than  in  colder  and  more  temperate 
countri^.  McCay  of  Calcutta  thus  writes:  " The 
pressure  (taken  d  la  Riva-Rocci)  over  a  very  large 
number  of  olMmrvations  varied  between  8S  mm.  Hg. 
and  118  mm.  Hg.,  the  average  beii^  slightly  over 
100  mm.  Hg.  (sitting  petition,  axm  level  with  heiurt). 
This  »  much  lower  ^aax  ^e  blood-p»a»m  l»d  down 
for  Europeans  in  Europ^n  (colder)  countries."* 

vol.  i,  1667,  p.  14H. 
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Ths  measurement  of  the  arterial  blood-pressure  is 
open  to  certaiii  fallacies,  which  a  little  experience 
generally  enables  the  observer  to  modify,  or  even 
to  obviate.  There  are  two  principal  sources  of 
encw,  which  produce  an  apparent  rise  in  the  pres- 
sure :  namely  (1)  some  temporary  stimulation  of 
the  cardio-vascular  system,  and  (2)  the  state  of  the 
arterial  wall. 

I.  Temporary  Disturbance  of  the  Arterial 

Blood-Pressure 

The  aim  of  the  observer  is  to  discover  some  mor*j 
or  less  contiimous  variation  of  the  arterial  blood- 
pressure,  lie  must  therefore  Ijc  always  alive  to 
the  possibility  that  the  particular  pressure  under 
observation  is  merely  tempo.  :y.  Such  passing 
increments  of  pressure  are  generally  due  to  excite- 
ment, and  are  always  associated  with  an  increased 
pulse  rate ;  as  a  rale,  however,  they  quickly  sub- 
tie 
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side  as  soon  as  the  patient  becomes  fanuli<)riv,>d 
with  the  iK'W  and  unexpected  procedure,  ati*l  especi- 
ally after  the  observer  has  let  fall  a  few  re.iSteuriT»i| 
words.  But  while  the  majority  of  patients  ire 
thus  traiiquillised,  there  is  a  small  niinorit  v  sii  whom 
nervous  sensibility  is  a  disturbing  elfTneiit  of  niorf  or 
less  difficulty.  Some  of  these  cases  are  so  sensitive 
aa  to  be  disturbed  by  any  ezaminatiim  of  ^  p^!» 
— even  coimting  its  rate ;  wrhile  ot^en  ue  more 
paitib]lar^dtBeoiicertedbyUiectM^eb#E»iio.'  \hc 
armlet— especuJIy  when  the  readi&fi  eseeed 
2I0O  mm.  Hg.  andby  the  pmfol  ssuie  ^  d^maam 
in  the  limb.  But  now  the  faitt^r  ^S^mdty  is  cat 
down  TOBuderably,  or  even  practdcally  cut  out,  by 
the  me^tod  of  rapid  filling  (see  p.  138).  Still,  there 
remain  a  certain  modicum  oi  ouses  intrinsically 
unsuited  for  trustworthy  mtansem^  of  the 
arterial  blood-MEesMge* 

IL  The  State  of  rta  Astertm.  Wmj. 

As  "  the  soft  tissues  of  the  auu  are  practically 
negligible  as  a  source  of  ei  ror,"  '  whatever  ana- 
tomical source  of  fallacy  exists  in  determining  the 

>  ArAwet  of  Jnlem.  Med.,  1909,  toL  ui.  p.  474,  "  The  Influeooe 
ol  the  Soft  Tiaroee  ot  the  Ann  on  Clmksal  Btood-PreMnue  Detennbia- 
tions,"  by  T.  C.  Janeway,  M.D.,  M.A.,  etc.  The  presence  of  mdema 
(rare)  and  oi  modi  fat  in  tiw  am  is,  however,  unfavooiabie  for  the 
•ocazste  wding  of  ihit  Hteriai  presBttnw 
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arterial  blood-pressure  in  man  must  rest  with  the 
arterial  wall.   The  solution  of  this  question  has 
been  approached  eith^  from  the  side  of  experiment 
with  arteries  in  various  conditions  (dead,  surviving, 
contracted,  relaxed,  or  thickened)  in  circulatory 
schemata,  or  from  that  of  clinical  observation  of 
the  pressure  in  the  arm  and  leg,  or  in  different 
portions  of  the  limb,  e.g.  arm  and  forearm,  thigh 
and  calf,  in  which,  in  the  horizontal  position,  it 
should  be  identical.   To  describe  the  points  of 
technique  adopted,  and  the  detailed  results  ob- 
served by  the  various  experimenters  in  their 
inquiries,  would  be  out  of  place  in  iMi  ptaetical 
work.  I  shidl  therefore  merely  quote  tiidr  (in- 
clusions. Trustworthy  dinical  evidence  docs  show 
that  decided  diiwences  in  the  reacUngs  ^e 
arterial  pressure  taken  simultaneously,  or  in  quick 
saf^esffibn,  in  ^  araus,  or  in  the  arm  and  leg,  are 
every  now  and  ^en  met  with.   It  is  conceivable 
that  such  differences  may  be  due  to  (1)  altered  con- 
duction of  the  pressure  of  the  pulse-wave,  (2) 
variations  in  the  resistance  of  the  r  rtcrial  wall  to 
compression,  and  (3)  reflection  of  pressure  from 
the  periphery.    The  last-named  cause  of  variation 
may,  however,  be  dismissed  as  problematical. 
The  experimental  studies  of  Leonard  Hill,' 
'  Jo«m.  ol  Pkynol.,  vol.  xxxviii  (Proc.  PhyBiol.  Soo.),  p.  48,  Hill 
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Flack,  Holtzmann,  Rowland,  and  Russell  Wells 
lead  these  observers  to  attach  great  importance 
to  the  influence  of  the  arterial  wall  in  modifying  the 
conduction  of  the  aortic  pressure ;  bdieving  that 
much  more  of  this  pressme  is  lost  in  dilating 
arteries,  which  are  soft  and  flacdd,  than  in  tJioso 
which  are  thickened  and  rendered  less  resilient 
from  muscular  contradaon,  or  from  otf^Baaa  dbanges. 
Hence  on  this  assttmpiion  the  same  aortic  pressure 
will  yield  a  lower  reading  of  tiie  brachial  pressure 
in  t&e  lorm»  coMlilaon  of  the  arterial  wall  than 
in  the  latter.  These  observers  also  believe  that 
the  large  excess  (sometimes  over  100  mm.)  of  the 
leg  readings  in  cases  of  aortic  regurgitation,  over 
those  of  the  arm,  is  caused  by  contraction  and 
rigidity  of  the  leg  arteries,  which  conduct  the 
aortic  pressure  better  than  the  more  resilient 
brachial  artery. 

At  first  I  accepted  this  interpretation  as  prob- 
able ; '  but  after  studying  the  experimental  evi- 
dence of  J.  A.  MacWilliam,'  J.  B.  Kesson,  and  G. 

mm!  Fbtok;  Heart,  1911-12,  p.  219.  Hill  and  Rowland;  ibid. 
1908-9,  vol.  i.  p.  72,  Hill,  Flacl:  and  Holtmuum;  Proe.  Boy.  Soc., 
Series  B,  vol.  Ixxxvi,  1913,  p.  180,  Hffl  and  RaweU  Wrffe 

>  Practitioner,  1914,  p.  91. 

s  Heart,  vol.  iv,  1913,  pp.  393-408,  " The C!onduotionof  the Pub»- 
VVave  and  ite  Relation  to  tiw  EatimaiicM)  at  Syiti^  Ttman/'  hf 
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Spencer  Melvin  I  can  no  longer  do  so.  These 
observers  remark :  "  If  this  view  is  eorrect,  ike  leg 
readings  would  afEoid  more  accurate  indications  of 
aortic  pressuie  than  the  axm  readings,  ihe  aorlac 
pressure  really  hdng  vastly  higher  than  ki  indi- 
cated in  the  ann.  Such  a  hypothesis  would  involve 
tiie  occurrence  ol  a  very  gr«E^  loss  in  teansmis- 
uon  between  the  aorta  and  the  brachial  as  much 
as  80  muL,  100  nun.,  or  more  in  some  cases ;  **  and 
th^  conclude  their  article  thus  : 

"  While  the  elasticity  of  the  aorta  and  its  branches 
is  of  great  importance  in  regard  to  the  systolic  and 
diastolic  pressures  in  the  arterial  tree — giving  lower 
systolic  and  higher  diastolic  pressures  than  would 
otherwise  be  present — the  transmission  of  the 
systolic  pressure  from  the  aorta  to  the  brachial 
artery  is  not,  under  the  ordinary  conditions  of 
blood-pressure  estimation  by  the  obliteration 
method,  appreciably  influenced  by  the  resilience  or 
rigidity  of  the  intervening  arterial  tube. 

"  The  difl^noe  sometimes  observed  b^ween  aim 
and  li^  readings  between  the  two  arms,  arm  and 
forearm,  are  not  tobeez^aiiied  hy  diff fences 
in  tiie  conduction  of  the  systolic  wave  from  the 
aorta  dependii^;  on  the  character  of  the  arterial 
tabes  in  the  difi^nt  limbs,  etc.  Diminution  in 
^e  ci^re  of  an  artery,  if  extreme,  may  influence 
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the  propagation  of  the  systolic  wave,  but  wadet 
tlie  oxdhiaiy  conditkHM  ol  blood-pressure  esliiii»> 
tion  in  the  arm,  this  &ctor  is  a  n^ligible  one." 

There  renudns  for  (K>Bsid«ration  tiie  question 
o{  the  varjring  rerastance  in  the  artoid  wall,  as  l^e 
explanation  of  the  obs^ed  differ^c^  in  the 
readings  of  the  arterial  pressure.  On  this  point  I 
shall  quote  the  conclusions  formulated  by  two  sets 
of  laboratory  observers,  who  are  not  only  well 
equipped  as  experimentalists,  but  thoroughly  con- 
versant with  the  clinical  side  of  sphygmomano- 
metry.  Their  inquiries,  moreover,  being  of  recent 
date,  are  free  from  errors  in  technique  which  im- 
paired the  validity  of  previous  investigations.  The 
research  of  Theodore  C.  Janeway  and  Edwards  A. 
Park  ^  yields  the  following  conclusions  : 

"1.  The  arterial  wall  offers  definite  resistance 
to  compression. 

"2.  Other  things  being  equal,  small  arterira  witii 
tiun  waQs  are  more  readfly  compressed  than  large 
arteries  m\k  thick  walk. 

"3.  In  infancy  and  childhood  the  resistence  of 
^  mttrntik  vafl  is  a  lle|p^  ^  Ue^  m  t&BsetiL 
blood-preantre  m^urorements. 

»  Archives  of  Int.  Medicine,  1910,  vol.  vi.  pp.  686-613,  '  An 
EsparfaBtetelSfei^  ol  th*  Banstuioe  to  Compreflsion  of  the  Art«ml 
WaB."  by  IfeMdon  G.  JMimr»y»  MJ)..  Mid  Bdmidi  A.  Pttk,  MJ). 
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*'  4.  Arteries  as  large  as  the  brachial  may  require 
only  the  pressure  of  a  few  millimeters  ci  meaccury 
for  the  obliteration  of  their  lumen. 

"5.  In  adults  with  normal  arteries  and  a  normal 
range  of  blood-pressure,  the  arterial  wall  is  a 
practically  negligible  factor.  It  probably  never 
introduces  an  error  greater  than  10  mm.  Hg. 
in  clinical  blood-pressure  measurements,  a  figure 
less  than  the  spontaneous  variations  in  pressure 
from  minute  to  minute. 

"  6.  Atheroma,  even  of  considerable  degree,  is 
without  appreciable  effect  on  the  compressibility. 

**7.  Gcadfication  of  ^e  arterial  wi^,  mhm  seg- 
ments  longer  than  6  cm.  are  examined,  increase 
only  m0daately^it8reslitaiM$etoc<mpfetsi(m.  The 
over-presrare  d^^cbnt  of  this  iwtot  in  oox  ex- 
periments did  not  fflcceed  17  mm.  Hg.^ 

1  The  experimattten  remark:  "It  is  evident  that  the  average 
preHors  reqabed  to  oompreas  theee  (calcified)  veesek  was  5-6  mm. 
above  the  average  for  the  slightly  atheromatous  post-mortMn 
vessels.   The  minimum  was  strikingly  higher,  10  mm.,  while  the 
maximum  was  tabeaMy  2  mm.  below  the  highest  reading  from  an 
artery  with  almost  normal  wall.   It  is,  therefore,  against  evidnice 
that  evai  calcification  of  the  most  extreme  degree  has  less  influence 
OB  ^  wMHiwlTinilj  of  the  arterial  wall  thou  some  other  factor  or 
factors.   From  our  observation  of  the  behaviour  tA  tbflW  uterkt* 
we  think  it  probable  that  no  such  vessels  will  be  found  oatoified 
thnm^Mmt  their  whole  circumference,  for  any  considerable  dbttance. 
It  ii  •Itogether  unlikely,  therefore,  that  any  strip  of  such  a  vessel, 
M  oraoh  as  lU  cm.  long,  should  fail  to  have  soft  or  oowk'  i9d  .poti 
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"8.  In  clinical  blood-pressure  determinations, 
if  a  wide  armpiece  be  used,  and  the  return  of 
the  first  fully  developed  pulse-wave  be  taken  as 
the  index,  as  recommended  by  Recklinghausen, 
even  advanced  arterial  thickening  and  calcifica- 
tion probably  do  not  introduce  an  error  of  any 
importance. 

"  9.  The  only  factor  detenniiiing  com{«een- 
bility  of  an  artery,  which  seems  capable  of  intro- 
ducing an  exror  of  real  importance  in  the  cBnieid 
measnrem^t  of  systolic  blood-j^eamre,  is  the 
state  of  contraction  of  its  walk.  It  k  impossible 
fiom  om  experiments  on  surviving  ox  azteries  to 
set  definite  limits  for  this  in  man.  From  these 
eaqieciments,  howevra:,  combined  with  our  study  of 
human  arteries,  after  amputation  and  post-mortem, 
we  .'iel  that  a  degree  of  hypertonic  contraction  of 
the  brachial  artery,  sufficient  to  cause  an  error  of 
more  than  30  mm.  Hg.,  seems  improbable,  and 
more  than  60  mm.  incredible,  during  life. 

"  10.  The  point  of  return  of  the  pulse  after  ob- 

io  its  walls.  Such  soft  spots  may  be  easily  compressed  against  a 
ealoMeotMidaqaemitibe  opposite  aide  (rftJieveasd.  nwioqpeetiott 

of  these  vessels,  while  undergoing  compression,  has  shown  oolb^pse 
of  the  vessel  in  a  small  area,  while  tlie  rest  still  stood  open,  and  has 
oonvinoed  oi  tiiat  the  tonfgovag  explanation  accounts  for  the  ap- 
parent  disparity  between  their  behaviour  under  the  finger  and  in 
our  apparatus,  thus  the  need  for  the  broad  armpiece  in  clinical 
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literation,  not  of  its  disappearance  during  com- 
pression, should  always  be  the  criterion  of  systolic 
blood-pressure." 

The  investigation  of  J.  A.  MacWilliam,  J.  E. 
Kesson,  and  G.  Spencer  Melvin '  on  the  influence 
of  the  arterial  wall  in  blood-pressure  measurement 
is  based  on  broader  lines  than  those  of  previous 
workers.  It  traces  that  influence  on  the  oscilla- 
tory and  auditory  methods  of  reading  the  diastolic, 
as  well  as  the  systolic,  detenninatioxis ;  and  it 
embraces  a  clinical  study  of  the  arterial  blood- 
prassme  by  tiie  li^t  of  ^cperimental  data.  These 
data  weet  d^ed  from  tiie  examination  of  k>ng 
lengths  (10  to  16  cm.)  of  excised  living »  artmes 
(hunum  and  animal,  relaxed  and  contracted,  nor- 
mal and  altered  by  old  age  and  disease)  subjected 
to  internal  pressure  (pulsatile  and  non-pulsatile) 
and  to  external  pressure  in  a  compression  tube 
connected  with  three  valved  manometers  (maximum 
for  the  systolic,  minimum  for  the  diastolic,  and 
"  compensated "  for  the  mean  pressure).  The 
circulation  through  the  arteries,  adjusted  to  a 

»  Heart,  vol.  iv,  1914,  pp.  279-318,  "The  Estimation  of  Systolic 
Blood-Pranare  in  Man,  with  special  referaice  to  the  influenoe  of 
tiM  axtmai  vail,"  by  J.  A.  MaoWilliam  and  J.  E.  Kono.  Ibid., 
pp.  133-96,  "  The  Estimation  of  the  Diastolic  Blood-Pwmw  in 
iiukt"  by  J.  A.  MaoWilliam  and  G.  Spencei  Melvin. 

*  Dead  artsriM  moA  mbbu  tubes  afiord  mateatyBg  ranlti. 
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dummy  hnmeni*',  was  likewise  subjected  to  the 
armlet  pressure. 

The  experiments  on  excised  surviving  arteries 
afford  the  following  results  : 

"(1)  The  relaxed  arteries,  whe<&^  nrnmal  or 
thickened/  gave  very  inconsid^able  resistances  to 
compr^ion,  not  usually  more  than  a  few  mm.  of 
Hg. 

"(2)  Contracted  arteries  showed  resistances  vary- 
ii^  with  the  amount  of  contokotion  present.  Ar- 
ties powerfully  contracted  at  room  temp^tore 

may  give  high  values,  rising  sometimes  to  over 
100  mm.  Hg.,  in  the  metacarpal  or  metatarsal 
artery  of  the  horse,  and  in  the  carotid  of  the  ox. 
Arteries  contracted  at  body  temperature  yield 
much  lower  figures,  a  maximum  reading  of  35  mm. 
for  the  carotid  of  the  sheep,  64  mm.  for  that  of  the 
ox,  and  60  mm.  for  the  metacarpal  of  the  horse. 
These  are  maximum  values  obtained  at  the  first 
compression  of  the  pulse  disappearance  index ; 
with  the  pulse  re-appearance  at  the  second  com- 

1  **  The  great  bulk  of  available  evidence  is  oppoyed  to  the  idea  of 
f|it«^inii  arteries  offering  any  important  resistance,  apart  from  the 
presence  of  muscular  contraction ;  this  ia  in  agreinaaat  with  tfaa 
results  of  von  Basch,  Martin,  Janeway,  and  Park,  and  otheit  worldly 
with  dead  soteroMd  arteries.  The  only  positive  piece  of  evidence 
in  the  contrary  sense  is  that  advanced  by  Herringham  ;  hia  results 
were  obtamed  from  dead  artnisB."— J.  A.  MaoWfllkUB  aad  J.  B. 
Tfnsinn.  Hmft,  tnd.  iv,  p> 


126    STUDIES  IN  BL00D-PRE8SURE 

pression,  the  values  are  much  lower.  Arteries 
offering  great  resistance  when  strongly  contiacted 
show  very  little  when  fully  relaxed. 

"  (3)  Arteries  contracted  and  resistant  to  external 
pressure  were  found  to  be  quite  compressible  under 
nominal  pressures  {e.g.  1  mm.  Hg.)  when  a  very 
limited  local  softening  {e.g.  3-5  mm.  in  width) 
was  produced  by  pinching  the  wall  between  the 
blades  of  an  artery  forceps ;  and  to  be  again 
highly  resistant  when  ike  softened  area  was  pro- 
tected £rom  compression  by  a  short  piece  of  rigid 
tabii^  slipped  over  it.  These  very  d^nite  and 
ooaEmndi^  resuHs  n^e  it  j^ain  that  tlie  inflated 
bag  of  the  armlet  acts  effectively  on  a  very  limited 
Boit  portion  of  a  tloi^ened  ai^d  resistant  artery,  and 
pte^ents  the  resistance  offered  by  the  rest  of  the 
vessel  from  affecting  the  oblit^ation  reading  much.* 

"  (4)  When  contraction  causes  extreme  constric- 
tion of  the  arterial  lumen  below  a  certain  point,  the 
transmission  of  the  systolic  wave  to  the  seat  of 
compression  may  be  diminished,  and  this  factor 
may  lessen  the  effect  of  the  increased  resistance 
of  the  arterial  wall  upon  the  obliteration  readings 
in  arteries  capable  of  having  their  lumen  reduced 

•  These  observations  are  in  line  with  these  of  Theodore  C.  Jane- 
way  and  Edwards  A.  Park,  on  the  behaviour  of  soft  areas  in  calci- 
fied uterin  fBrVoar^^  tli^  euly  oooiaaiQit  tiiukv  oompiMrios. 
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to  a  minttte  size.  Thickened  metacarpal  and  meta- 
tarsal arteries  from  old  horses  often  contract  so 
much  as  to  close  tiieir  hunen  eompleteljr,  ftsd  nsisi 
any  passage  of  fluid  through  them,  even  at  pres- 
sures up  to  4^  mm.  Hg. 

"  (5)  Repeated  compression  or  coBtiniied  h>eal 
comp»«»on,  while  not  affecting  the  readings  from 
nconud  art^es  under  ordinary  conditions,  has  aa 
important  effect  in  reducing  the  resistance  of  a  con- 
tracted artery,  and  may  be  used  as  a  means  of  ascer- 
taining the  presence  or  absence  of  abnormal  resist- 
ance in  the  arterial  wall.  Massage  of  a  resistant 
ailery  may  be  used  with  similar  effect." 

The  following  are  the  leading  conclusions  fur- 
nished by  the  clinical  inquiry : 

(1)  Estimations  of  the  systolic  blood-pressure 
by  the  obliteration  method,  when  made  with  suit- 
able precautions,  give  substantially  correct  results 
in  ordinary  conditions  of  normd  health,  and  also 
in  the  great  majority  of  cases  of  illness,  in  the  collec- 
tive s^m.  Even  when  the  dii^kse  afiects  the  vas- 
cular S3rstem  with  l^ckened  aiteries,  etc.,  the  indka- 
tions  are,  in  the  majority  of  cases,  ap^zimately 
eomiet ;  l&e  r^tdii^  ru^pf  from  modieatAtei  or 
low,  to  very  high  values.  It  is  only  in  a  minority 
of  cases  that  any  smous  error  is  liable  to  occisr,  in 
&e  diree^n  of  ovex-ffitiouktaon. 
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"  (2)  In  tome  such  casM  the  influences  of  local 
conditions  may  be  very  important,  especially  the 
presence  of  abnormal  resistance  in  the  arterial 
wall,  depending,  mainly  at  least,  on  contraction 
of  the  muscular  coat.  In  such  conditions  very 
different  readings  may  be  obtained  from  the  same 
person  on  the  same  occasion,  according  to  the 
limbs,  or  parts  of  limbs,  examined,  the  using  of 
first  ^  or  later  readings,  etc. 

"  (3)  Continued  and  repeated  compression,  with 
comparuon  of  the  two  sides,  etc.,  affords  a  valnable 
method  of  deteciang  1^  presence  of  sack  error, 
though  not  invariably  decisive;  in  some  instances 
cottf^terable  distnrbftnces  of  blood-pressure  may 
occur.  Results,  both  positive  and  negative,  ob- 
tained by  this  method,  show  a  striking  parallelism 
to  those  yielded  by  excised  surviving  arteries." 

How  to  Relax  and  Soften  Contracted  and 
Otherwise  Thickened  Brachial  Arteries  for  Blood- 
I^essure  Observation.— An  important  practical 
outcome  of  this  investigation  is  the  discovery  of 
a  method  by  which  rigid  arteries  may  be  softened. 
It  having  been  proved  that  repeated  compression 
or  massage  of  resistant  excised  surviving  arteries 
in  the  compression  tube  increases  their  compressi- 
bility very  considerably,  their  resistance  in  some 
The  fint  rmftding  may  be  a  mcwi  fttHewinm  ooe. 
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cases  being  cut  down  to  practically  the  value  of  the 
relaxed  wall,  the  observers  applied  this  method 
to  various  cases  presenting  a  normal  or  abnonnal 
condition  of  the  arteries  in  the  arms  or  foxeazms. 
An  armlet  was  adjusted  to  each  arm  (or  to  each 
foreann,  or  to  arm  and  |(»earm)  and  both  were 
connected  with  a  three-way  tap  thnnigh  which 
they  conU  be  inflated  simnltaneoni^  or  in  qmxk 
^  thm  after  nudcmg  a  synehzmiflas 
estima^n  in  the  two  arms,  repeated  compression 
was  ap|died  to  one  arm,  the  one  giving  the  higher 
reading  in  cases  of  initial  inequality,  the  pressure 
being  let  down  to  zero  between  each  obliteration. 
Another  synchronous  estimation  in  both  arms 
was  then  made  to  find  the  effects  of  repeated 
compression  in  one,  and  to  detect  possible  changes 
in  the  general  blood-pressure  by  the  reading  from 
the  other  arm.    In  cases  in  which  the  circulatory 
balance  was  easily  disturbed,  obliteration  of  oae 
artery  at  a  time  was  preferred.    Instead  of 
repeated  compression  by  successive  infladons  of 
the  armlet,  digital  oblsteratic^  jf  the  brachial  in 
mid-ann  was  kept  up  for  two  or  tiliree  minates. 
The  observers  thus  classify  the  effects  of  continued 
&t  repeated  cos^ceiracm  applied  chnkalfy : 
"  (1)  In  ^e  generality  of  cases,  when  no  abnor- 

9 
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maity  of  the  vmeviBS  meehanism  is  presoit,  th* 
TCBolt  is  practically  nil,  exci  v^iing  that  in  some 
perKffii  thwM  may  be  a  decide'!  re  i  action  of  the 
obliteration  reading  not  dep<M,  lent  uii  an  altera- 
tion in  the  resistance  of  the  .  iict  i  il  v  ill,  I'ut  due 
to  the  passing  oil  of  slight  alar,,  c  tonien  ,  etc., 
which  may  be  presont  at  tho  Urst  reading.  That 
such  is  the  cause  of  the  reductioti  i.--  in(ucatt.'  by 
a  readiii;^  from  the  other  limb,  in  which  tbe  first 
reading  giv<'s  tlu-  same  lowered  levd  as  b  found  ia 
the  first  limb,  after  repeated  compres^R. 

« (2)  Similar  negative  results  are  obtained  ia  mmy 
cases  of  arteriri  disease  whsm  the  thidl^^  »  of 
an  uneven  or  patchy  cha»ii^,  or  astoeM^  »^ 
atrophic  changes  in  l^e  media  and  hypertrophy  of 
^e  ii^na,  atherona»,  e*c.,  «  where  the  ^yper- 
tonns  k  unevenly  dfetrihuted,  as  is  often  seen  in 
escised  arteries,  when  high  readings  are  obtained, 
not  appreciably  lowered  by  repeated  compression  ; 
the  diastolic  readings  are  also  frequently  high, 
though  by  no  means  ways,  in  the  absence  of 
abnormally  slow  heart  eat,  aortic  regurgitation 
etc.  Excessively  high  readings,  not  reduced  by 
the  method  in  questio  are  found  both  with  soft 
arteries  not  recognisably  thickened,  and  also  wiA 
thickened  and  extremely  tortuous  ones  that  fed 
resistant  to  the  finger. 
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"  (3)  In  mmfwtm  wtierf*  »n  d»oraiaI  Twirtnncg 
is  presented  by  the  art^id  wail  from  muscular 
(ontraction,  with  or  wit^yt  tydc«ii2^  uf  the 
iitedia,  repeated  <'omjM?^i<m    '      ce  narked 

lower! ng ot  I'-rr  lingp  entniii  .  s^t  tdiminu- 
tioii  the  res.-i,  i  oe,  ti.;  gb  a\  imes  be 
associuterl  wif':  son    lowei  si  blood- 

pressure,  as  ind  -u    I   >)' tl  6  0  «r 

arm,  etc.  ^  "  icti  ^  a  vaiu  »;  ims 
tion  of  th>  ure  .i^n-  )f  ab;  in'  resistance  in  tue 
arterial  w^^l,  a  ^  >r  itii  m^es  the  initial 
reidiii^  yieM  an  <rjca^^  vc  '  ei^ate  ol  the  actual 
yeod-pr^sore  wi^iis  ^  veaid.  A  very  high 
kMti  mm&mi  h&i^,  a  repeated  compreMM>n, 
to  a  p^oif^^  k  monly  i»8ociated  with  a 
medtiate  "■wiiiufc,  aauaiiv^  small  in 

^of^^B  to  ik^  m]  (exaiggOTKted)  igrstolk 
i^l'  Ti  rediMJ' t#n  may  be  v«y  unequally 
?^^f^e^»<i  ii    iSmM  Ai  liodbs,  or  segments  oi  lii^. 

r  .](  fferences  (50  to  90  mm.)  are  some- 
li  -  f'lu  b«tv  »ien  the  two  arms,  bet\  p  'ii  arm 
an  ^     -een  arm  and  leg.  These 

diffe  a:.'.  re  Ii  essarily  constant ;  they  may 
be  f  and  to  alter  markedly  when  examined  at  inter- 
val^ jf  a  few  days,  or  during  the  process  of  examina- 
tion by  repeated  compression.  The  latter  method 
lamoiiiy  reduces  the  dititerence,  if  it  does  not 
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remove  it.  In  some  instances  the  difference  found 
in  tiie  two  arms  at  ^e  first  reading  has  remf  ined 
practically  constant  over  long  periods  (many- 
months).  We  have  found  (though  rarely)  arm 
diff«ences  so  great  as  to  be  comparable  to  the 
arm-leg  differences  in  obliteration  values  that  have 
been  described  in  aortic  regurgitation. 

"  (4)  The  first  reading,  whether  disappearance  or 
(preferably)  re-appearance  of  the  pulse  is  taken 
the  index,  in  cases  with  normal  arteries,  or  patho- 
logical arteries,  presenting  no  appreciable  or  im- 
portant resistance  to  compression,  is  approxi- 
mately correct  as  an  indication  of  the  actual  iya- 
tolic  pressure.  The  actual  pressure  may,  however, 
be  influenced  by  excit«n«it,  etc.  Whffli  there  u 
mariced  re8»t8iM»  in  ^  «t«nal  watt,  a  first  reading 
may  give  very  searioudy  erroneousvalues.  Re|»ated 
com^eeskm  yeady  reduces  or  rectifies  tMs  error 
in  many  cases.    The  number  of  recomptesBons 
iteceasary  to  do  tiin  varies  greatly. 

In  some  cases  with  abnormal  instability  of 
the  vascular  mechanism  a  more  or  leas  extensive 
rise  in  the  readings  is  produced  by  recompression, 
depending,  mainly  at  least,  on  a  rise  in  the  arterial 
blood-pressure.  Such  rise  in  general  blood-pressure 
may  more  or  less  completely  conceal,  or  may  quite 
overbear,  the  effect  of  any  reducing  influence  exer- 
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cised  upon  the  resistance  of  the  wall  of  the  com- 
pressed artery ;  and  consequently  we  cannot,  by 
the  obliteration  method,  obtain  an  accurate  estimate 
of  the  arterial  blood-pressure  in  such  cases.** 

This  investigation  corroborates  to  a  large  extent 
those  previous  clinical  observations  which  pointed 
to  the  arterial  wall  as  the  source  of  disparity  in 
^^tolic  pressure  r^idings  in  difiecent  areas ;  such 
as  those  of  O.  K.  Williamson '  and  my  own.*  But 
it  indicates  that  the  cause  of  that  dkrparity  is  not 
so  much  to  be  ascribed  to  organic  differences  in  the 
thickness  and  resistance  of  the  arterial  wall  as  to 
muscular  contraction  of  the  tunica  media ;  and 
therefore  it  supports  to  some  extent  the  views  of 
W.  Russell »  on  the  disturbing  influence  of  hyper- 
tonus  on  blood-pressure  readings. 

The  inquiry  also  confirms  the  experience  of  those 
who  always  reject  the  early  readings  of  the  systolic 
pressure,  and  prefer  to  wait  until  the  reading  re- 
mains steady  and  at  its  lowest  point ;  for  in  fol- 
loAving  this  rule  they  really  employ  in  a  modified 
way  the  method  of  repeated  compresnon  of  ilie 
artery. 

»  Pnc.  Bo§.  8oc  Med.  (med.  sec.),  1908-9,  vol.  H,  p.  229. 

•  TMf  iwrft,Sad«d.  1908.  pp.  ir.-22. 

•  Arierkd  Syptrkmuj  8d«nti$  ami  Oood-Presaure,  1908. 
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TECHNIQUE 

The  Patient. — ^No  trastworthy  observation  of 
arterial  blood-pressure  can  be  made  wiUiOttt 
quiescence  in  the  patient — quiescence  mental, 
emotional,  and  physical. 

After  exertion,  sufficient  time  should  elapse  to 
allow  the  pulse  rate  to  subside  to  normal.  With 
many  sensitive  subjects,  the  observation  should  be 
delayed  until  the  patient  has  become  quite  settled 
down  from  any  apprehension  incidental  to  the 
medical  examination  of  his  case.  This  precaution 
is  all  the  more  necessary  should  the  pulse  be 
hurried  from  emotional  excitement.  The  observer 
should  lead  up  to  the  unaccustomed  method  of 
observing  the  pulse,  and  should  avoid  surprising 
<^  pi^^t  by  n^Hsg  ^  a£mlet-i«ean£r6  b^CHre 
telling  him  what  he  is  about  to  do. 

The  obirarvatioii  can  be  made  in  the  sitiang  or 
xeeumbeiit  posture.  In  Uie  former,  which  is  mate 
eomtxamt  and  expeditioiu  lor  chnical  work  geno- 

IS4 
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ally,  the  arm  should  rest  comfortably,  with  all  its 
muscles  relaxed,  on  a  table  of  «>iweid«it  bdf^t, 
so  as  to  bring  the  armlet  on  a  level  with  the  heart. 
In  tiie  recumbent  position,  tbe  arm  should  be  ex- 
tended on  a  taWe  or  other  support,  by  the  side  of 
the  bed  or  conch,  and  on  the  level  of  the  body. 
The  armlet  in  hoik  positions  occupies  much  the 
same  gravity  position  in  relation  to  the  heart.  The 
arm  should  be  bared  ;  though  a  thin  covering  under 
the  armlet  does  not  alter  the  reading  of  the  pressure, 
it  does  impair  the  sensitiveness  of  the  phonendo- 
scope,  which  should  be  adjusted  under  it,  at  the 
bend  of  the  elbow. 

The  Position  of  Armlet.— The  armlet  may  be 
adjusted  to  either  the  arm  or  the  forearm ;  and 
each  of  these  possesses  certain  advantages  and  dis- 
advantages. The  arm,  from  its  cylindrical  form, 
even  compressibility,  and  its  single  bone  and  large 
artery,  is  anatomically  better  adapted  to  heemo- 
manetric  dbBOvation  than  the  forearm  wiA  ^ 
smaller  arteciei.  And  for  the  employment  of  the 
auditory  method  of  reading  the  pressure,  the  arm 
»  ^  parf?  ttvatfa^te ;  for  ^oU|^  that  method 
may  in  soii  *^  f^  ses  yield  satisfactory  results  when 
^ployed  oi:  iae  forearm,  in  others  the  range  and 
calibre  of  the  throb  are  curtailed.  The  principal 
objectiion  to  the  use  of  ^  armlet  on  the  arm  is, 
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however,  the  larger  amount  of  discomfort  from 
congestion  of  the  limb  than  obtains  with  the  armlet 
on  the  forearm;  but  this  is  met  by  the  quick 
methods  of  compression  and  decompression  about 
to  be  described.  The  outcome  of  these  considera- 
tions points  to  the  arm  as  a  better  position  for  the 
armlet  than  the  forearm.  The  latter  is,  however, 
sometimes  more  convenient,  especially  in  the  case 
of  ladies,  when  the  observer  should  employ  the 
tactile  method  for  the  systolic,  and  the  OM^tory 
for  the  diastolic  pressure.  But  in  making  observa- 
tion on  iihe  forearm  the  observer  should  bear  in 
msA  l^t  he  may,  in  egBcq»^<mal  ciMi^  tiokt  an 
nndor-estimate  of  the  arterial  blood-pressure,  be- 
cause l^e  8mfA«r  ci^ee  of  the  arteries  (radial  and 
ulnar)  is  more  apt  than  the  brachial  to  be  so  reduced 
by  contraction  as  to  lower  the  blood-prwrare 
within  them.' 

The  air  bag  of  the  armlet  should  be  placed  along 
the  course  of  the  brachial  artery,  or  on  the  flexor 
side  of  the  upper  half  of  the  forearm,  when  this 

I  In  the  CMC  of  ohildrea  tin  umlet  em  be  mfpYM  ettiter  to  tlw 

foreann,  which  provides  definite  auditory  readings  of  the  Bystolio 
Mid  diastolic  pressures,  or  to  the  thigh,  whea  the  tactile  systolio 
CTiterion  era  be  read  oa  tiie  posterior  tilMartnry,  and  the  aadttery 
criteria  (systolic  and  diastolic)  by  applying  the  phonendoscope  over 
the  popliteal  artery.   A  narrower  armlet  is  more  convenient  for  the 
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position  is  more  convenient,  and  the  straps  should 
be  adjusted  comfortably  and  closely. 

Objections  to  the  Armlet  Pressure— Those  who 
have  had  some  experience  in  the  use  of  the  annlet 
among  private  patients  soon  discaver  ttiat  it  m  not 
faultless  as  a  clinical  method.  From  i  »\e  patient's 
standpoint,  the  necessary  compression  is,  as  a  rule, 
objeeticmaye  in  varying  degrees,  in  pnq^^rtkm  to 
the  sensitiveness  of  the  subject  and  the  degree  of 
eon^ti^  requoed.  It  is  true  ^t  in  many,  or 
in  mo^,  cases  when  the  arterial  pressure  is  within 
normal  limits,  it  is  not  disconcerting,  and  is  there- 
fore borne  with  equanimity  ;  but  when  it  exceeds 
180  or  200  mm.  Hg.,  in  not  a  few  cases  it  is  apt  to 
be  resented,  and  in  a  case  now  and  then  (a  sensitive 
lady,  as  a  rule)  the  patient  will  not  again  submit 
to  the  ordeal.  In  private  practice,  this  is  some- 
times a  real  objection  to  the  armlet  method,  where- 
as in  hospital  work  it  is  practically  negligible.  But 
discomfort  from  compression  of  the  arm  by  the 
armlet  has  for  us  another  aspect,  and  that  is  its 
possible  influence  in  fictitiously  raising  the  record 
of  the  arterial  pressure.  We  know  ih&t  pain  and 
discomfort  of  any  kind  pertsEi^  ^  wlmM  weamm 
system,  and  may  raise  the  asteriid  prawure  by 
Btamnhtting  the  ventzkle,  sad  hj  tndadsg  pmtti 
TttO-0(mi^ie^n*  In  ^  ma}{»nfy  of  ctsss,  any 
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discomfort  produced  by  the  armlet  is  not  sufficient 
to  appreciably  increase  the  reading.  But  can  we 
be  sure  of  this  in  abnormally  sensitive  subiects  ? 
No  one  with  any  experience  in  manometi  ic  obser- 
Vft^n  can  doubt  that,  in  many  such  caacii,  the 
readings  obtained  am  idiiisai,  imtuwilihMmtilliig 
ftQ  the  }iid»m»  and  tact  of  tie  db- 

sefver  to  tedam  to  a  nmunum  the  nervwus 

in^rtanee  of  minimiBing  ^  discomfort  of  the 
armlet. 

Methods  of  Reducing  the  Discomfort  of  the 
Armlet. — Increased  speed  in  producing  armlet  com- 
pression lessens  the  discomfort  by  avoiding  con- 
gestion in  the  parts  distal  to  the  armlet.  This  end 
is  secured  by  adopting  one  or  other  of  the  following 
procedures  : 

(1)  The  observer  adjusts  the  canvas  bag  (see  p.  8) 
between  the  filler  and  the  connecting  tube,  and  with 
the  aid  of  the  filler  he  obtains  the  initial  air  pressure 
of  50  or  60  ram.  Hg.,  and  then  turns  the  tap  of  the 
filler.  He  then  squeezes  the  bag,  distended  as  it 
is  wif&  air,  until  tilie  required  degree  of  pressure  is 
reached.  The  filling  can  tihus  be  made  as  quick 
as  may  be  deeded,  eos^t^  wi^  ear^  obsera- 
tion  of  the  i^tolic  and  diastolic  pressures.  The 
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with  perfect  steadiness  at  any  point,  and  for  as  long 
or  as  short  a  time  as  may  be  wished,  and  can  be  let 
down  and  raised  again  under  complete  conlxol  of 
^  hand,  and  with  great  fatality  and  ezacMtnde ; 
and  the  readings  thus  obtained  can  be  repeated 
mmy  times  for  verifimtion  cs  c<xntedaon,  wiilu>at 
^i^ig  needless  discomfort  from  pxolo!^^  com- 

(2)  The  observer  fills  up  to  100  mm.  Hg.  by  the 
filler,  without  having  the  canvas  bag  in  circuit; 
and  then  turns  the  tap  of  the  filler.   He  now  places 
his  right  hand  over  the  air-bag  of  the  armlet,  and 
compresses  this  to  just  lioyond  the  required  reading 
of  the  systolic  pressure.   This  quick  method  is 
well  adapted  to  observation  in  sensitive  subjects 
(ladies  and  others)  as  well  as  in  all  cases  in  which 
pressure  readings  are  over  180  to  200  mm.  Hg. 
The  observer  must,  however,  be  careful  to  fill  up  to 
100  mm.  Hg.,  and  not  less,  before  toming  the  tap  ; 
for  it  has  been  obs^ed  i^t  a  l&wex  initial  pressure 
than  this  may  yield,  on  h&adL  compression  of  the 
am^  a  xeadii^  du»t  <^  tin^  albided  by  fiffing 
in  the  ordinary  way,  or  on  compressing  the  canvas 
bag.  This  method,  though  quick  and  convenient 
frar  the  reading  oi  tl»  syi^lic,  is  not,  however, 
suited  to  the  observation  of  the  diastolic  pressure ; 
1^  ebjecti^  whi^  may  be  m<^  by  talosg  ^  jbtt^ 
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separately  as  a  ptelimiiugy  <»  sabMqiWBt  pro- 
cedure.* 

Massage  and  Recompression  of  the  Brachial 
Artery  by  Means  of  the  Armlet. — When  the  fingers 
occlude  the  brachial  at  the  middle  of  the  arm  or  at 
the  bend  of  the  elbow  for  some  few  minutes,  the 
vessel  wall  is  distended  by  the  full  impact  of  the 
ventricle ;  and  this  procedure  may  sufl&ce  in  most 
cases  to  lelaz  and  soften  the  contracted  and  thick- 
ened artery  sufficiently  (see  p.  129).  But,  after 
miJd]^  the  first  r«idixig,  it  is  soiiMwhat  ibgoii- 
venient  to  undo  the  armlet  for  the  purpose  of 
manipulating  the  artery.  I  tiiierefore  BU|^t  the 
use  of  tilie  annlet  itsell  kat  the  purpose  ai  n^Mted 
compression ;  and  this  can  be  done  by  (1)  detach- 
ing the  rubber  tube  from  the  manometer,  (2)  in- 
serting the  plug  attached  to  its  end,  (3)  connecting 
up  the  canvas  bag  (if  not  already  in  use),  (4)  in- 
flating the  armlet  until  the  radial  pulse  rather 
suddenly  swells  under  the  finger,  and  turning  '  ■  e 
tap  of  the  filler.  The  hand  now  grasps  the  dis- 
tended bag  and  quickly  raises  the  pressure  just 
beyond  the  obliteration  point,  and  then,  after  the 

^  As  a  rule  it  is  prefetsble  to  make  a  seoond  decompression  read' 
isg  t)i  &e  <HnstoBe  pnsren  tUtt  Ict^ig  down  tte  air  pfSNBio  to 

zero,  80  as  to  allow  the  oaagmtieia  of  the  limb,  peripheral  to  the 
armlet,  to  subside  and  to  veci^  flu  first  reading  (G.  Spenow  Melvin 
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lapse  of  a  minute  or  two,  it  releases  the  pressure 
suddenly  to  the  initial  point.  The  procedure, 
which  is  repeated  several  times,  possesses  the 
following  advantages  :  (1)  uniformity  of  alternate 
pressure  and  release  over  a  large  portion  of  the 
artery,  (2)  avoidance  of  irritation  from  digital 
manipulation  and  of  discomfort  from  venous  con- 
gestion and  distennon  of  t]ie  limb  i^rodaced  by  the 
a^msj  slower  mei&od  of  fiUi^  tibe  annl^. 

The  Phonendoscope.— The  armlet  having  been 
adjusted,  the  tiiidc  robber  band  (see  p.  10)  is  passed 
ov«  the  forearm  to  the  bend  of  the  elbow,  and  is 
adapted  to  the  size  required  by  the  metal  clip. 
The  observer,  having  removed  the  metal  shield 
covering  the  rubber  memlJrane  and  placed  it  over 
the  dome,  then  slides  the  phonendoscope  under 
the  band  over  the  lower  end  of  the  brachial  artery, 
just  inside  the  tendon  of  the  biceps,  relaxing,  if 
necessary,  the  tension  of  the  rubber  so  as  to  avoid 
pressure  on  the  instrument.   The  rubber  band  is 
merely  intended  to  keep  the  tambour  in  position 
during  the  observation.   Finally,  the  ear  plugs  ace 
placed  in  situ  and  the  manomet^  filler  and  armlet 
are  connected  up  by  the  tiiree-way  rubb^  tube. 

The  Reading  of  th»Pf  eamr e>-~laaB^tii«tiiodft 
(tactile,  oBcillatoiy,  and  auditory)  of  reading  the 
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a  distal  artery  (radial  for  the  arm,  and  posterior 
tibial  for  thigh  or  calf)  to  determine  the  fact  of 
closure  by  compression,  and  of  reappearance  <A 
the  pulse  on  decompression.  The  oscillatory  as 
well  as  the  auditory  method  requires  to  be 
safeguarded  by  the  tactile  criterion  of  the  systolic 
pressure.  Whichever  method  be  followed,  the 
reading  should  be  made  by  the  falling  pressure 
after  overstepping  the  obliteration  of  the  pulse ; 
and  not  by  the  rising  pressure. 

The  auditory  method  with  systolic  tactile  check 
ehottld  be  employed  in  all  cases.  Should  the 
tactile  systolic  pressure  read  higher  than  the 
auditory,  the  disor^^cy  is  g^erally  due  to  a 
faulty  position  of  the  tambour  ovw  the  artery ; 
and  in  that  case  alter  readjusti^t  the  readings 
f^\M  be  in  complete  ^(re«nent,  or  the  atdttory 
one  may  be  a  few  millimetres  higher — as  is  gener- 
ally the  case.  When  the  throbs  are  indistiaet 
from  excessive  deposit  of  fat  or  fibrous  tissue, 
they  may  be  rendered  more  audible  by  placing  the 
arm  on  its  extensor  side  and  straightening  the 
elbow. 

The  first  reading  should  not  be  accepted  unless 
it  is  corroboi  ated  by  the  second  and  third.  If  the 
readings  decrease,  they  should  be  repeated  until 
they  remain  uniform.   The  quick  methods  of  com- 


TECHNIQUE  143 


pressiou  and  decompression  just  described  enable 
us  to  repeat  the  observation  without  causing  in- 
convenience to  the  patient. 

The  Reading  of  the  Peripheral  Arterial  Pressure. 
—-The  employment  of  Giirtner's  method  on  the 
finger,  as  an  adjunct  to  the  annlet  procediuw  on 
the  brachial  wrteiy^  is  scnneiimes  vudai  in  affording 
an  approximate  reading  of  the  amount  of  tiie 
pen]^«nd  reffiatanee  in  the  arterial  syst^  in 
hypertensk>n  (we  p.  58). 

The  only  additional  pieces  of  apparatus  required 
are :  (1)  a  digital  air-bag  backed  with  canvas,  and 
(2)  a  stout  rubber  rii^  with  a  loop  which  kciUtates 
its  removal. 

The  brachial  systolic  reading  having  been  made, 
the  digital  air-bag  is  adjusted  to  the  middle 
phalanx  of  the  middle  or  ring  finger,  and  the  rubber 
ring  is  slowly  rolled  over  the  finger  up  to  the 
bag,  when  the  last  phalanx  will  be  blanched. 
The  digital  bag  having  been  co  uected  with  the 
filler  and  manometer,  the  pressme  is  brought  up 
to  the  brachial  reading  just  made.  Finally  tiie 
rubber  ring  is  withdrawn  from  the  finger  by  pulling 
the  loop,  when  the  last  phalanx  should  ranain 
l^oiched  in    oases  over  twen^  (s^  tak^,  S$}, 

The  final  stages  of  the  technique  are,  acecnding 
to  my  obs^Ttt^cffl^  wot^  in^pcttts^  I  ^ink  ^lat 


144    STUDIES  IN  BLOOD  P II ESSURE 

many  of  the  lurge  variable  results  obtained  by 
different  observers,  and  by  the  same  observer,  are 
due  tit  a  misconception  of  the  K  iig  time  element 
which  the  method  requires  timing  decompression, 
and  to  the  fact  that  different  criteria  muv  be 
followed,  isuch  as  either  a  faint  blush  or  u  deep 
flush  or  a  subjective  throb,  which  afford  various 
readings. 

My  observations  show  that  four  conditions  are 
necessary  to  secure  practically  uniform  remits: 
(1)  Warmth  of  finger;   the  preceding  brachial 
observation  is,  however,  osefnl  in  removing  the 
Tsao-consteielave  ^eet  ol  c<^  (2)  Decompres- 
sion in  stages  of  5  mm.  at  a  time.  (3)  Very  gradual 
nbase  belween^  steps..  (4)  Sbwly  eoimimg  30, 
or  letting  30  seconds  elapse  between  the  stcfs ; 
the  object  of  this  long  pause  being  to  secure 
sufficient  time  to  allow  the  first  diminutive  escape 
of  blood  to  diffuse  into  and  accumulate  in  the 
blanched  tissue,  so  that  if  after  the  lapse  of  30 
seconds  there  should  be  suspicion  that  the  first 
escapement  has  taken  place,  the  halt  should  be 
prolonged  to  a  minute  to  allow  of  the  full  develop- 
ment of  the  blush,  which  may  then  acquire  the 
somewhat  livid  hue  of  venosity  contrasting  with 
the  normal  rosy  tint  of  the  uncompressed  fini^. 


CHAPTER  VII 

THE  MANOMETER  IN  OPERATIVE  SURGERY, 
OBSTETRICS,  OPHTHALMOLOGY,  AND 
THE  SELECTION  OF  THE  BEST  LIVES 
FOR  LIFE  INSURANCE 

I.  0p»u7IVI  Procii>uris 

Incisions  ei  the  skm  snd  ^nUmmm  psoiaee  a 
feransitoiy  rise  in  arteriid  ^re^^u  -t;  from  vaso- 
eoBUmHon  (Janeway)  ;  &t  a  li^^^t  ull  vWch  m 
masB  marked  wkea  ^  uises&eeiift  in  '.it^tt.fficie]it 
(Q.  F.  Lun  imd  C.  H.  Turner  These  fluctua- 
l^sm  are,  however,  i^BtmSiy  tmmient  and  signifi- 
cant, not  »ceedix^  10  mm.  or  so.  But  the  de- 
pression may  be  serious  when  norre  tiuuk?  or 
their  branches  are  irritated,  severed,  or  tretched 
(G.  W.  Crile,'  G.  F.  Lull  and  C.  H.  Turner  '),  when 
the  abdominal  viscera  are  roughly  mauipula*^?d, 
exposed,  or  subjected  to  traction,  when  an  oper  i- 
tion  is  severe  or  proloni^ed,  or  is  attended  by  much 

^  Thtnfeutic  OazdU,  1911. 
10  14S 
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hsemorrhage,  and  when  the  abdomen  or  thorax  m 
aspirated  for  effusion  (J.  A.  Capps  and  D.  Lewis  % 
Bfanipuli^^  of  tlie  pdvic  (»gui8  caines  a  mt  oi 
pnssore  {ooportbnate  to  the  severity  of  the  opera- 
Hon ;  inciraoiui  oi  Ha  dwa  mater  do  not  materially 
aSect  the  pressure,  ^ugh  irritation  of  it,  by 
sponging,  produces  a  rapid  fall  (G.  W.  Crile»). 
C.  G.  Wiggins  '  has  observed  that  the  manometer 
is  useful  in  detecting  internal  hsemorrhage  after  an 
operation ;  its  presence  and  continuance  being 
indicated  by  a  gradual  and  progressive  reduction 
of  the  pulse-pressure,  combined  with  a  rising  pulse 
rate,  and  its  cessation  by  a  recovery  of  pulse- 
pressure  and  by  the  lessening  of  the  pulse  rate. 

Shock. — The  manometer  is  becoming  a  useful 
guide  to  the  surgeon  in  detecting  the  onset  of  shock, 
aiui  in  following  the  effects  of  treatmoit  designed 
to  counteract  its  progress.  In  by  far  the  majority 
of  e«Ms  of  shock  a  »pld  fall  <^  ^  artorial  prearare 
occurs,  and  this  is  the  best  sign  of  shock,  and  a 
dang»  aigaai  which  cannot  be  safely  ^!K»ied.  It  u 
difficult  to  devise  a  theory  of  Amk  which  is  con- 
nstent  with  all  the  facts.  Three  have  been  sug- 
gested by  Oriie,  Yandeil  H^eoon,  and  B^dle 

*  Amer.  Journ.  Mtd.  Hcitncta,  19U8. 

>  mmii*frt»mtn  At  Airfvy.  FyM.,  1908. 

•  AnMv.  im.  Mti^  im. 
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Short;  but  they  all  differ  in  detail.  They  are, 
however,  in  agreement  as  to  the  first  step  in  the 
<»iiUttt«>ii  shock ;  namely,  in  tite  noxioiu 
aModaUcm  of  pain,  periph^^  initation,  fear,  and 
anseetihelic  poisoniog.  Grtle  befieres  that  tliese 
depressant  causes  {sroduce  ezhaastaon  of  the  vaso- 
motor centres  in  the  medulla  and  cord,  whbh 
leads  to  a  raj^  and  {oononneed^  of  the  systolks 
pressure  to  60  or  even  40  mm.  Hg.  in  extreme 
cases,  and  to  re^grade  changes  in  the  cells  of  the 
nervous  system ;  and  he  has  devised  his  anoci- 
association  method  of  preventive  treatment  which 
intercepts  the  up-going  stimuli  and  greatly  reduces 
the  impressions  of  physical  pain  and  the  effects 
of  operative  manipulation.  Since  adopting  this 
method,  his  mortality  from  shock  has  fallen  from 
4'4  to  0-8  per  cent,  for  all  operatioris.  The  following 
is  a  brief  summary  of  the  method  :  (1)  Injection 
of  sec^lamine  gr.  and  morphine  gr.  I  an 
hour  before  the  operation.  (2)  Light  and  even 
wieonidoiisTOss  Busi^ained  by  ether  (open  m^od) 
of  which  only  about  a  third  of  the  usual  amount 
is  required.  (3)  Infil^tion  of  the  skin  and  of 
deeper  layers  by  novoeaiae  sol^i^  (1  in  4&&^ 
(4)  In  abdominal  operations,  after  opening  the 
{Mlitoneum,  pack  the  cut  with  wet  gauze  aai 
inject  freely   the  p^toi^  edges,  which  are 
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everted  for  the  purpose,  with  a  solution  of  quinine 
hydrochloride,  and  urea  (5  per  cent,  of  each  in 
normal  saline).' 

The  prevention  of  shock  by  the  anoci-association 
method  is  of  course  of  greater  importance  than  the 
treatment  of  it ;  but  should  the  latter  be  required, 
normal  saUne  transfusion,  which  maintttkB  tt» 
output  of  the  heart,*  should  be  resorted  to.» 
According  to  the  teaching  oi  3.  C.  Moe^pod,* 
when  ^  ^esB^  falfo  to  Wd  mm,  or  lower,  "  it 
is  lame  to  stop  the  operation  and  give  ^  saline 
immediately";  and  in  vi^  ^  svoic^  post- 

»  BrU.  Med.  Journ.,  1914,  vol.  ii,  |..  113 :  artkle  by  H.  B.  Butter, 
F.R.C.S.E.,  and  E.  W.  Sheaf,  MX'.,  Cantab.  For  ftiU  p»otk«l 
details  the  reader  should  consult  Anuci-asKK  ialinn,  by  C.  M.  Crile, 
M.D.,  and  W.  E.  Lower,  M,D.,  edited  by  Aaay  F.  Rowland.  Philad. 
and  London,  1914. 

»  Lancet,  IM4,  i,  p.  732:  ^^wtei  LmHHH)  by  BmOi 
Short,  M.D. 

»  Tlie  reader  may  be  reminded  of  the  value  of  isuattuiaa  <d 
normal  saline  when  the  arterial  presaure  falls  acutely  and  severely 
ra  dwtera  and  in  the  so-caUed  shock  of  bums.  J.  P.  iookhart 
Mummery  regards  the  latter       tozaraiia  {Lama,  1W4,  vrf.  fi, 

p.  86f>). 

While  some  observers  rely  on  intravenous  saline  solution  alone  in 
the  teaatmen  t  of  shock,  others  (Codt  aad  Btiggt  fai  <Mm  SvfMm 
Hotp.  Reports,  1903)  assert  that  it  faila  to  raise  the  art«rial  pressure 
uakM  combined  witii  adr«ialine,  and  some  (Pearce  and  Eisenburg 
m  Arduv.  Int.  Mtd.,  IVm  •  ettprtMrt-dii^wih^-to 
the  adrenaUne  saline  solutiiMi  (I  adtwuiBlMi  1»  1^ 
is  slowly  administered. 
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operative  collapse,  wlodi  not  infrequently  happem 
eren  the  pstmii  meam  m  twiirfifinii 

irfler  an  operation,  a  preBsnze  reading  alioaM  be 
tidien  hde«9  ^e  patient  m  toau^cred  to  bed,  for 
il  zeacUi^  »  maah  lowet  t^n  that  recorded 
b^ore  ^  operation,  it  in&a^  that  the  patient 
should  still  be  kept  on  tibe  grating  table,  and 
l^ven  the  salt  solution  by  one  or  all  three  methods. 
Crile  regards  stimulants,  such  as  alcohol  and 
strychnine,  as  injurious  in  shock  ;  and  A.  Rendle 
Short '  supports  this  teaching,  and  expresses  a 
doubt  as  to  the  efficacy  of  pituitary  extract  and 
adrenaline.  The  action  of  all  these  remedies  is 
either  negative  or  quite  transitory. 

The  probable  value  of  the  transfusion  of  sodium 
bicarbonate  solution  into  the  veins,  in  man  in  a 
state  of  shock,  is  suggested  by  the  rec«it  ex- 
perimental work  of  Seelig  aiKl  Jm  ec^tkmsAotB 
(J.  Tienwy  and  F.  Rodenbaugh)  on  dogs  in  a  state 
frf  shock  iadseed  by  maaipak^n  and  chiUing 
tkis  idbdoffibdi  YisceEa ;  for  tiieee  expodmentefs 
olMi^ed  a  proaimnced  aaSL  wdl-maintained  rise  of 
aflonal  focmize,  averaging  18  mm.  Hg.,  ani 
not  unconmionly  ^  nun.,  foUowii^  the  taransfusion, 

*  On  the  other  hand  A.  Rendle  Short  amata  that  shook  has  baaa 
repMtedfy  obsCTTcd  to  oeour  aft«r  the  patiM^  IWTM  tfa»  opttUiai^ 
toUe^  wmk  m  uoauA  pemmf  {op.  dk). 
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while  at  the  same  time  the  amplitude  of  the  heart's 
beats  and  the  depth  of  respiration  w«ro  inereased. 
Over  de(ven  years  ago  (1903)  BbweB  *  hami 
sodium  bicarbonate  iumished  better  and  mere 
^Bolonged  premtre  results  thm  t^hote  obtsisBed 
from  adi^udine,  {Htfetttdn,  idcohei,  mid  stiycto;^e. 

In  the  treatment  of  idiodk,  tie  api^calirai  of 
waxia&  to  tiie  eAkiiwiiti«»  iribsidd  not  be  ovet- 
looked  ;  and  elastic  banda^  should  be  a]^ied  to 
the  limbs  and  abdomen — care  being  taken  to 
avoid  embarrassment  of  the  diaphragm — so  as  to 
avoid  stasis  in  the  veins  from  de&:iency  of  vm  a 
tergo  and  muscular  tone. 

The  Recording  of  the  Arterial  Blood-Pressure 
and  Pulse  Rate  during  Operations. — The  charting 
of  the  systolic  pressure  (auditorily  read)  and  the 
pulse  rate  should  be  begun  either  on  the  day 
before  the  operation  or  on  the  day  itself,  before 
the  preparations  for  it  are  made,  when  the  patient 
is  as  free  as  possiUe  horn  fLway  and  racitement. 
Daring  the  oipmt^&m  u\mmwtlamm  (Uiould  be 
leooxded  every  fi^  senates,  a  ^nicai  clerk  or 
niiRe  told  off  for  the  pssfmm.  A  iMdi  black  Um 
8h0fM  be  siM  ^  Hm^km^^  W^wbssl  Hg., 
the  blood-pressure  shouM  be  entered  with  a  red 
cludk  peoi^  Md  ib»jMiwiJiii  with  a  Made  m^, 
*  rr-nt       ^  4#- 
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The  chart  sh^d  be  visible  to  the  surgeon  or  his 
nnmntftTitr,  and  to  anaesthetist.  A  final  record 
nlamW  bnimiftittwInTr  ^e  jp^lmiia  maoved  btm 
theoperalaiigtal^;  and  afta  ys  r«noval»  further 
tkmnmAkam  AovM.  be  masto  mmj  two  or  lAiree 
imirB,  as  a  precaution  i^onst  post-operative 
collapse  or  internal  hsomorrhage.  As  the  risks  of 
an  operation  are  practically  unknown  in  any  indi- 
vidual patient,  the  systematic  charting  of  the 
arterial  blood-pressure  and  pulse  rate  should  be 
made  in  every  operation  :  and,  if  that  is  not  found 
possible,  it  certainly  should  never  be  omitted  in 
major  operations  (especially  abdominal)  or  when 
it  is  known  that  a  patient  is  handicapped  by  some 
circulatory  weakness  or  defect.  For  instance, 
operations  should  be  undertaken  only  after  grave 
consideration  in  people  with  very  high  blood- 
pressure,  not  only  because  of  excessive  hemorrhage 
which  is  likely  to  occur  d^rinf  the  op«»ti<m,  but 
dso  for  feu  of  secondary  hsDmorrhi^e  setting  fl 

in  !a^.  I 

The  Effects  of  Anesthetics  on  the  Arterial 
Pressive.— To  follow  ^e  variations  of  pressure 
ptoduced  by  annsi^lac  in  a  normid  bubject  is 
one  thing,  and  to  do  the  same  in  the  course  of  an 
operation  is  quite  another ;  for  in  the  latter  case, 
^  normal  effects  of  Uie  ansesthetic  are  disturbed 


.  *   ,  --  v- 
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by  the  up-patiui  of  painful  stimuli.  Mmimietric 
obs^ratbn  during  an  operation  is  tiierefcnre  ^ 
resultant  of  two  causal  factors,  the  aneesthetic  and 
^e  operation,  not  that  of  the  taam&^iim  nkm. 
Much  of  the  conflict!]^  evidence  on  the  clinical 
effects  oi  anaesthelacs  on  the  arterial  pressure  is 
ascribable  to  the  varying  conditions  of  operative 
procedures.  Notwithstanding  this  source  of  fallacy, 
in  att^pting  to  follow  the  influence  of  anaesthetics 
on  the  circulation  in  the  course  of  surgical  work, 
we  can,  however,  recognise  the  broad  lines  of  that 
influence,  which  have  been  determined  by  the 
experimental  study  upon  animals.  The  conclusions 
of  the  majority  of  anaesthetists  indicate  that  (1) 
chloroform  reduces  the  pressure,  that  (2)  ether 
maintains  it,  after  a  rise  due  to  mental  excitement 
and  struggling,  that  (3)  nitrous  oxide  raises  it  from 
its  asphyxial  effect,  that  (4)  mtxcnis  oxide  combined 
with  oxygen  produces  a  tr«isitory  rise  followed  by 
the  nfsrmal  km^  of  j^ressuze  ir^^  m  miOf^iamtL 
In  Englaiui  a,nd  in  America  open  ether  is  sup^- 
teding  chkooform;  ami  in  America  nitrous  ozidb 
ami  oxygen  for  continw»»  aiuDstheua  are  dk* 
placing  ether  as  much  as  possible,  and  may  even 
MBq[>«nede  ether  when  the  special  technique  is 
improved,  as  "  it  is  the  safest  general  anajsthetic 
known,  bdng  j^actically  non-toxic  "  (G.  McCall 
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Smith  The  best  ansesthetic  is  that  which  main- 
taim  the  preseiize  at  or  near  the  ncnrmal  levti,  vriik 
the  least  variation  during  the  operation,  and  Iwves 
the  patient  as  £ree  as  possible  fxom  Habifity  to  po^ 
oporalave  shock  or  collapse. 


II.  Obstetrics 

The  mancHiMtar  in  obrtekics  luid  prqptancy  has  I 
been  studied  mth  much  painsti^ng  thoroughness  | 
by  J.  C.  Hirst*  ami  other  observers  who  agree 
with  his  leadk^  coi^hiffibns,  whidb  he  tiius  sum-  | 

marises  : » 

(1)  The  normal  blood  -  pressure  in  normal, 
healthy,  non-pregnant  women  will  not  vary  much 
from  112  mm. 

(2)  The  normal  blood-pressure  in  healthy,  preg- 
nant women  will  average  close  on  118  mm.    A  | 
slight  increase  over  this  figure  is  to  be  expected  in 

the  last  month  of  pregnancy. 

(3)  Blood-pressure  in  toxaemia,  in  the  first  half 
of  pregnancy,  associated  with  pornicioiu  vomiting, 
is  usually  low. 

»  Lancet,  1914,  vol.  i,  p.  785.  I 
»  New  York  Med.  Journ.,  1910.  ~ 
*  Quoted  also  in  full  by  F.  A.  Jha^i.  Bhod-Prmtn  fnm  A« 
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(4)  Blood-pressure  in  the  latter  half  of  pregnancy, 
associated  with  albuminuria  and  eclampsia,  is  in- 
variably high. 

(5)  A  high  and  rising  blood-pressure  is  an  in- 
variable, and  very  often  the  earliest  sign  of  toxemia, 
in  the  latter  half  of  pregnancy. 

(6)  Upon  the  rapture  of  tiie  membnmes,  there 
is  an  immediate  faSl  of  pressure  of  bom  60  to  90  mm. 
This  M  is  temporary  only,  but  is  attended  wi^i 
marked  relief  in  the  headache  and  epigastric  pain 
l^ese  patients  so  frequently  coi^^bin  of.  Tbe 
rdief  from  these  symptcans  lasts,  however,  for  some 
hours  after  the  pressure  returns  to  near  its  original 
height,  which  is  shortly  after  the  first  fall.  A 
similar  fall,  though  much  slighter,  is  noticed  after 
a  swert<  jath. 

(7)  There  is  a  second  fall  from  of  from  60  to  90 
mm.  after  the  child  is  born.  This  again  is  only 
temporary,  and  in  from  fifteen  to  thirty  minutes, 
if  a  patient  has  not  bled  profusely,  the  pressure 
returns  to  about  its  level  before  the  birth. 

(8)  Usually  in  eclampsia,  the  pressure  r^nains 
high  for  forty-eight  hours  after  the  bir^, 
begins  to  subside,  and  reaches  the  normal  of  from 
lis  to  124  omi.  in  h&m  seven  to  ten  days  aii^ 
delivCTy. 

(9)  As  &r  as  it  is  possible  to  lay  down  any  rules 
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in  these  cases,  we  may  say  that  a  blood-pressure  of 
below  124  mm.  could  be  disregarded ;  a  pressure 
of  from  125  to  150  mm.  needs  careful  watching  and 
mxlemto  dUm^vs  troatoient ;  and  that  a  pres- 
sole  of  ovex  150  mm.  needs  fmudly  active  elimini- 
txve  treatment,  ac^  will,  in  all  probability,  especially 
if  it  i^ows  a  tend^i^  to  climb  highw,  requiro  ^e 
ittdttotion  of  prematnre  labour. 

T^Nte  who  have  wc^ked  on  the  toxiemia  of 
pr^piancy  have  shown  that  it  produces  a  rise  of 
preasiffe  of  various  degrees  in  the  majority  of  cases, 
and  now  and  then  a  lowered  pressure ;  and  that 
when  the  rise  is  moderate,  or  even  undecided, 
delivery  is,  as  a  rule,  followed  by  recovery,  but 
when  the  pressure  is  lowered,  or  is  extremely  high, 
the  issue  is  generally  quickly  fatal. 

For  treatment  and  prognosis,  periodical  mano- 
metric  observation  during  pregnancy  is  most 
valuable ;  and  especially  in  the  later  stages,  witibi 
the  view  of  l^e  early  det«;tion  of  tcHEsamia,  wh^ 
eliminative  treatment  is  of  greats  avul  than  at 
tlie  aetoal  onset  of  eclamp^  attaclra,  and  when 
tl«  s»nomet(»r  k  a  v^uable  guide  in  deckling  on 
^e  urgency  or  otherwise  of  premature  delivery. 

**  A  ipxGBSWK  <d  160  mm.  during  late  pr^pian<^ 
should  always  be  considered  highly  suspicious  and 
lead  to  ^  same  card^  and  repeated  ebs^atioi» 
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that  the  finding  of  albuminuria  does.  A  further 
rise,  particularly  if  rapid,  and  associated  wiih 
marked  headache  or  vomiting,  should  probably  be 
the  signal  for  terminating  pregnancy.  After 
delivery  in  normal  cases,  the  blood-pressure  falki 
promptly  to  normal  or  bdow.  Tke  pernsliiioe  id 
high  pressure  'post-'paiium  must  always  b0  WDr 
sidered  a  danger  signal,  and  continiied  watchful- 
ness shou^  not  b«  x^bqnklied  wb^  the  blood- 
pressure  is  normal.  I  fee!  singly  that  the  bulk  of 
obstetricians  have  not  as  jret  given  sufficient  atten- 
tion to  thk  fSsk^K^  I  belkve  it  will  soon  be  the 
custom  to  miJce  blood-pressure  observations  during 
pragiuuMsy  as  frequently  as  the  urine  is  examined  ; 
to  make  a  reading  during  the  stage  of  labour,  of 
course  between  the  pains ;  and  to  make  readings 
subsoquent  to  delivery  until  the  pressure  has  re- 
turned to  normal."  * 

111.  Opthalmology 

The  principal  value  of  the  manometer  in  ophthal- 
mological  practice  rests  on  the  frequent  causal 
relation  of  retinitis  and  haemorrhage  with  chronic 
interstitial  nephritis  and  arterio-sclerosis  ;  and  on 

»  AMnu  Med.  AnnaU,  iWl :  "  When  ahoatd  tiie  General  Practi- 
tioner measure  the  Blood-Preamue."  by  Theodore  Q.  JuMfny,  iLD., 
M.A.,  cte. 
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the  dependence  of  glaucoma  (acute  and  chionic) 
on  a  supernormal  arterial  pressure. 

It  is  likewise  useful  in  studying  variations  of  the 
retinal  circulation  which  produce  temporary  blind- 
ness, or  mere  dimn^  of  vision.  When  the  retinal 
voM^  beccfflie  spaunodically  coatncted  tibe  onset 
of  tht  attack  ii  sodden,  am/a  one  le^na  a  time, 
and  is  of  diort  duration— not  exceeding  an  hour ; 
and  the  arterial  i«esrare  is  ma^edfy  supemormaL 
Bs^  whm  ikiB  vessels  are  atonic,  tiie  atony  may 
be  associated  wi^  lowered  {Hrewure— especially 
diastolic. 

A  sub-conjunctival  haemorrhage,  especially  in 
the  elderly,  is  not  infrequentiy  a  teU>tale  of  a  super- 
normal arterial  pressure. 

The  detection  of  a  high  pressure  before  operating 
on  the  eye,  e.g.  for  glaucoma,  and  for  extraction  of 
a  senile  cataract,  is  important ;  for  unless  modified 
by  rest  and  other  treatment,  the  increased  pressure 
may  induce  intra-ocular  hflemorrhage  after  the 
operation. 

IV.  SiuBcnoN  07  Bxsr  Lxvbs  fos  Insubance 

AND  PUBUO  SSBVICES 

Tbe  large  and  inereniiing  mortality  fcrom  vascular 
diseases,  on  wbkh  ^dency  of  life-work  and 
bngevity  so  largely  dep^id,  ^pliai^s  the  impw- 
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tance  of  increased  v^iQance  and  tiioroagimess  in 
the  examination  of  liv^  for  insurance ;  and  also 
for  Tarious  public  duti^,  in  wliich  the  capacity  of 
life  possesses  a  certain  social  and  financial  value. 

In  life  insurance  this  question  is  of  great  import- 
ance»  not  only  for  the  companies,  but  for  the 
insured ;  for,  the  sounder  the  accepted  lives  the 
lower  should  the  rates  become. 

It  is  somewhat  remarkable  that  for  some  years 
past  many  of  the  large  life-insurance  companies 
in  the  United  States  have  appreciated  the  practical 
value  of  the  manometer  in  the  examination  of  lives 
for  insurance,  and  have  directed  their  examiners  to 
employ  it  in  every  case  ;  whereas  in  this  country 
the  instrument  has  not  been  adopted,  so  far  as  I 
know,  by  any  insurance  company  as  a  nectary 
requisite  for  the  examination  of  prospective  lives, 
though  doubtless  many  of  their  examiners  on  their 
own  initiative  do  use  tiie  manometer  as  an  addi> 
tional  aid  in  ^timating  the  int^^ty  or  the  im- 
pairment of  the  cardio-vasctUar  system. 

Now  that  some  years  have  elapsed  since  the 
American  companies  adopted  this  innovation,  facts 
have  accumulated  which  may  ultimately  lead  our 
companies,  in  their  own  interests  and  in  those  of 
the  insured,  to  revise  their  position  in  regard  to 
this  matter. 


CHAPTIR  VIII 


THE  TREATMENT  OF  SUPERNORMAL 
ARTERIAL  PRESSURE 

In  attempting  to  control  or  modify  a  rise  in  the 
arterial  pressure  we  should  keep  in  mind  that, 
though  variations  of  that  pressure  may  produce 
certain  pathologicd  ^ects,  they  themselves  are 
but  results.  When,  for  exam^e,  the  arterial 
pr^ure  is  nused  but  tenvporar^t  the  cause  may 
be,  and,  in  &ct,  usually  is,  6f  nervous  origin-— ^er 
psychical  or  reflected ;  but  when  the  pressure  rise 
is  persistent  it  may  be  regarded  as  the  outcome 
genially  of  some  alteration  in  the  chemical  com- 
position of  the  plasma  or  of  organic  changes  in  the 
circulatory  mechanism,  which  may  or  may  not 
have  themselves  resulted  from  some  biochemical 
cause.  It  follows,  therefore,  that  in  our  efforts  to 
control  a  persistent  rise  in  the  arterial  pressure  we 
should,  if  possible,  learn  what  are  the  etiological 
factors  at  work.   Unfortunately,  as  our  knowledge 

m 
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in  tliis  direction  is  extremely  limited,  we  must  often 
eontent  ourselves  with  symptomatae  treatment,  or 
treatment  on  general  lines,  with  the  application  of 
such  practical  suggestions  as  may  be  derived  from 
phjrsiology,  which  is,  after  all,  the  motii^  of  medi- 
cine. 

I.  The  Psychical  Manaobment  of  the 

PATIElfT 

We  are  sometimes  apt  to  forget  that  when  a 
patient  of  a  nervous,  sensitive  type  realises  that  his 
arterial  pressure  is  r»sed,  he  is  apt  to  exaggerate 
the  import  of  this  knowledge,  and  may  worry — 
often  quite  unneceosarily  worry — ^hin^tf  about  it. 
I  have  met  with  sev^l  such  cases.  We  all  know 
that  our  nervous  patients  are  apt  to  nurse  their  pet 
worries  ;  but  when  the  arterial  pressure  is  raised, 
perturbation  is  more  particularly  injurious,  for  it 
tends  to  perpetuate  the  evil.  We  should  therefore 
do  our  best  to  dispel  apprehension,  and  to  instil 
into  our  patient  as  much  hope  and  encoiu"agement 
as  may  be  possible. 

It  is  a  good  rule,  when  treating  nervous  subjects, 
to  abstain  from  quoting  the  actual  figures  of  an 
observation,  especially  when  they  are  high  {e.g. 
200  mm.  Hg.  or  more). 
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II.  Dietary  Treatment 

Reduction  of  Gastric  Cardio-vascular  Stimula- 
tion.— The  principal  aim  in  our  dietetic  directions 
should  be  to  select  a  diet  which  has  the  lease  stimu- 
lating efEect  on  the  circulatory  organs.  Hence  we 
should  reduce  as  much  as  possible  not  only  the 
bulk  of  each  meal,  but  also  the  proportion  of  those 
constituents  of  the  foodstuffs  which  more  particu- 
larly stimulate  the  cardio-vascular  apparatus,  such 
as  various  salts,  soluble  extractives,  active  princi- 
ples and  o^er  bodies  {e.g.  alcohol),  which  axe 
directly  absorbed  without  change,  and  may  be 
r^axded  as  exogenous  hormones  between  ^e 
digestive  tract  and  the  circulatory  apparatus,  stimu- 
h,^jig  the  heart  on  the  one  hand  and  the  capillary 
circulation  on  the  other. 

In  the  normal  state  of  the  circulation  the  vaso- 
motor play  of  the  peripheral  parts  is  free,  and 
responds  to  the  variations  in  the  heart's  action; 
but  this  harmony  becomes  disturbed  in  cases  of 
supernornial  arterial  pressure,  in  which  the  stress 
of  any  stimulation  of  the  circulation  falls  more  and 
more  on  the  heart  muscle,  with  increment  of  the 
arterial  pressure.  Hence  we  should  in  such  cases 
try  to  modify  as  much  as  possible  the  cardio- 
11 
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vascular  stunulation  produced  by  the  ingestion 
of  food.* 

The  next  important  point  is  to  correct  digestive 
irregularities  [and  examine  the  mouth  for  carious 
teeth  and  pyorrhoea,  which  commonly  cause  gastric 
disturbances  and  possibly  by  the  absorption  of  tox- 
ins contribute  to  a  rise  in  blood  pressure. — A.M.]. 
We  should  encourage  extra  mastication  and  in- 
salivation,  especially  of  the  amylaceous  foodstuffs, 
which  are  generally  so  soft  as  not  to  seem  to  n6ed 
any  mastication  at  all,  and  are  consequently 
bolted,  whereas  it  is  more  important  thoroughly 
to  masticate  and  insalivate  them  than  the  protdn 
foods. 

The  supply  of  meats  ,  of  aU  kinds  should  be 
l«»ened  below  the  proportion  ordinarily  taken, 
and  some  are  satu^ed  metely  to  reduce  or  to  dis- 
i#>w  ^  zed  meats  (beef  ai^  mmtto&)»  whUe  they 
permit  the  taking  of  white  and  young  meats  (fish, 
poultiy,  yeai,  etc.)  in  ordinary  quantities.  Though 
the  practitioner  nearly  always  is  inclined  to  select 
what  are  called  lighter  meats,  I  cannot  say  that  I 
have  observed  any  difference  of  eifect  on  the 
arterial  pressure  of  the  various  forms  of  roast 
or  fried  meats — whether  as  beef,  mutton,  fish, 

*  See  some  good  illustrations  of  the  value  of  this  teaching  in  a 
by  William  Russell,  M.D.,  Brit.  Med.  Journ.,  vol.  i,  ldb6. 
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poultry,  etc.  A  more  important  difference  iu  thi« 
respect  seems  to  me  connected  with  the  way  in 
which  the  meats  are  cooked — whether  roasted  and 
taken  with  the  gravy,  or  boiled  and  served  without 
the  broth.  I  therefore  make  it  a  rule  in  these 
cases  to  substitute  as  much  as  possible  boiled  for 
the  roasted  or  fried  forms  of  fish,  fowl,  beef,  mutton, 
etc. ;  and  to  exclude  from  the  dietary  meat 
extractives,  such  as  meat  soups,  gravies,  etc.  The 
proportion  of  green  vegetables  and  fruits  should  be 
increased,  and  carbohydrate  foods  may^be  taken 
in  mod^tion.  As  a  rale  I  think  the  cases  do  best 
on  &e  rediic^n  of  an  ordinary  dkt  »  a  iHboIe, 
with  a  diminution  of  the  animal  and  an  increase 
of  1^  Tegetable  foodstofis.  The  zed]ictio&  of  the 
ingesta  to  physiologicid  needs  and  exp^iditure  is 
particularfy  important  in  the  management  of  cases 
of  high  arterial  pressure  ;  for  some  of  these  [^itlmtB 
are  inactive  and,  feeling  weak  and  run  down,  crave 
for  the  stimulant  effects  of  tonics,  a  full  meat  diet, 
an  excess  of  salt  and  other  condiments,  and 
alcoholic  drinks. 

The  Ingestion  of  Fluids — their  nature  and  quan- 
tity— is  not  a  matter  of  indifference.  The  bulk  of 
the  meals  should  be  kept  down  by  jeducing  the 
quantity  of  fluid  taken  with  them.  Fluid,  of  which 
the  best  is  water,  should  be  taken  more  freely 
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wh6&  the  stomaeh  is  empty— e^.  a  tumbler  an  hour 
bef<»e  meab,  or  ni^t  and  morning.  Preference 
should  always  be  given  to  soft  or  distilled  and  non- 
aerated  ,  *ata,  or  to  mildly  alkaline  waters,  as 
potast     .1  soda  salts  improve  the  peripheral  cir- 
onlatiun ;  and  it  is  best  generally  to  advise  the 
water  to  be  taken  warm.   Hard  water— i.e.  water 
containing  calcium  salts  in  such  proportion  as  to 
raise  the  hardness    '^ove  five  degrees— is  best 
avoided,  especi.  Uy  in  tlie  elderly  with  a  premature 
rise  in  the  arterial  pressure,  in  whom  there  may  be 
an  inadequate  elimination  of  calcium  salts  by  the 
bowels  and  kidneys.   Though  calcification  is  gener- 
ally beheved  to  follow  and  not  to  precede  degenera- 
tion or  involution,  it  may.tom  out  inadequate 
elimination  may  lead  to  the  deposition  »  m 

salts  in  the  arteries,  kidneys,  and  othei.'  ^'  s.e8  of 
the  aged.'  As  the  combination  of  ciJcium  with  an 
organic  acid  (e^gf.  citric)  deprives  the  calcium  ion 
of  its  spe(^  ^ya(^op»l  dfeet  on  tiie  blood,*  the 

1  An  interesting  communication,  "Hie  Part  played  by  tbe 
Calcium  Salta  in  the  Blood  and  Tissues,"  appears  in  the  British 
Medieai  Jtmrnal  of  AprU  20,  1907,  in  which  W.  Blair  Bell,  M.D., 
r^ia  to  three  cateinm  physiologieal  periods  "The  third  period  is 
lliat  of  late  life,  when  no  calcium  salts  are  required  for  the  building 
up  proceasee  or  for  those  of  reproduction.  These  salts  then  accu- 
mokte  in  the  ttames,  eapeeiK^  fat  the  ymmia  .  .  .  at«^  ooooc^ 
and  the  individual  gradually  declines." 

*  See  J.  Coleman,  Bio-Chtmical  JmrruU,  April  1907. 
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additioii  of  lemon  juice  to  hard  watw  may  be  a 
ludiil  corrective  in  the  dlderly  and  gouty. 

The  beven^es,  snch  as  tea  and  coffee,  are  thought 
by  w>me  otwenren  to  be  particcdarly  noxious. 

Long-continued  indulgence  in  strong  tea  and  coffee 
is  undoubtedly  injuriotts,  but  I  have  seen  no  objec- 
tion to  these  beverages  in  strict  moderation,  and 
when  their  ingestion  is  not  followed  by  disturbing 
results,  such  as  palpitation,  flushing,  giddiness, 
or  wake,  ilness.  Cocoa  is  the  least  objectionable 
of  beverages.  As  to  alcoholic  beverages  my  im- 
pression is  that  high-pressure  cases  as  a  class  are 
better  without  them,  but  that  many  cases  in  which 
we  have  .derate  or  slight  increments  of  pressure 
may  be  allowed  small  quantities  without  injurious 
effects,  especially  if,  as  a  rule,  we  exclude  wines 
and  malt  liquors.  Th^  is  no  doubt  that  vrhm  the 
vaso-motor  system  k  intaet,  alcohol  (as  in  the  form 
of  whisky  or  |^)  k  vaso-dilating  ai^  has  but  a 
transitory  <%geot  in  n^^i^  ike  systolic  Tpmtwe, 
Experimental  work  on  alcohol  by  W.  E.  Dixon  of 
Gambrii^  *  shows  that  in  moderate  doses  alcohol 
in  normal  animals  and  also  in  man  may  raise  the 
systolic  pressure  a  little  (and  especially  in  animals 
diowii]^  signs  of  circulatory  failure),  though  it  may 

>  "  The  Action  of  Alcohol  on  the  Circulation,"  by  W.  E.  Dbum, 
M.A.,  M.D,  Lond..  Journal  of  Phy$iology,  March  1907. 
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not  do  80,  while  it  always  diminulkeB  the  diastolio 
pneeme  ("  in  other  woids  the  differenee  between 
the  systolk  and  diastoUo  preseore  tende  to  in- 
eieaM")»  ^nd  <^t  it  inereaaee  tl^  activity  and 
output  of  the  hMrt,  an  ^ect  which  is  ascribed  to 
the  iMt  ^t  akohol  ui  a  readily  awainilable  food 
aubf^nce. 

Chloride  of  sodium  as  a  constituent  of  foodstuffs 
and  !s  a  condiment  deserves  some  notice  in  the 
treatment  of  supernormal  arterial  pressure.  The 
work  of  Widal  and  Javal '  and  other  Continental 
observers  has  shown  that  superchloridation  and 
superhydration  of  the  tissues  take  place  when  the 
kidneys  become  impaired  in  their  permeability  to 
the  passage  of  chlorides,  as  in  chronic  nephritis 
and  probably  in  other  phases  of  renal  inadequacy 
not  recognised  as  orf^c ;  and  tl»t  some  d  the 
manifestations  of  Bright's  disease  Mid  heazt  disease 
{e.g.  oBdwna,  albuminuria,  etc.)  are  dosefy  assod- 
ated  with  ^  tissue  zetoition  <^  chlorides  and 
wat^  and  are  relieved  by  a  dechloriding  diet.  At 
present  I  cannot  say  from  my  own  observation 
what  is  the  role,  if  any,  which  the  retention  of 
chlorides  plays  in  the  production  of  the  high  ranges 
of  arterial  pressure  which  we  meet  with  in  chronic 

»  La  Cure  de  DkcUorisatlnn,  par  le  Dr.  Fmuuid  Wid»I  «fe  le  Dr. 
Adotflw  JavM.  Paris,  1900. 
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interstitial  nephritis.  Probably  it  is  insignificant ; 
but  I  think  it  advisable  to  test  the  matter  by 
observation.  To  apply  efficiently  a  dechloriding 
diet  the  mere  omission  of  salt  as  a  condiment  is 
insufficient.  We  must  besides  this  select  those 
articles  of  food  which  in  the  uncooked  state  contain 
the  least  percentage  of  salt,  and  omit  the  addition 
of  salt  in  their  preparation  for  the  table.  The  diet 
thus  obtained  is  practically,  though  not  absolutely, 
chloride-free.  Such  a  saltleas  diet  may  consist  of 
v^etable  soups  (made  without  meat  stock),  fresh 
green  v^etables,  fniits,  nuts,  fats  (fresh  butter, 
oreun),  sidt-free  bread,  feunnaceoiui  ▼^(etablet 
(potatoes,  rice,  peas),  and  sogur.  Dufoiir  (in  1905), 
GiitiMm  and  Fat«  (in  1906),  and  DMtode  (1907) 
obtained  oroellent  results  from  a  dietary  like  this 
in  scarlet  fever  and  scarlatinid  n^hritiF  But  in 
ohronks  nephritis  and  in  other  cases  of  V  gh  artertai 
pressure  such  a  strict  chloride-free  diet  will  scarcely 
be  necessary,  though  it  may  perhaps  be  adopted 
with  advantage  for  a  while  now  and  then,  wlion 
accessions  of  pressure  arise.  In  fact,  a  saltless  diet 
soon  becomes  so  distasteful  to  the  majority  of 
patients  that  it  is  difficult  for  them  to  continue  it 
for  more  than  a  week  or  two  at  a  time. 

I  have  observed  that  as  we  grow  older  (say  over 
sixty-five  years  of  age  or  so)  there  is  apt  to  arist 
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m  tendency  to  induce  more  uid  more  in  tlie  me 
d  M^.  When  the  arterial  pnwoie  xiaea  imdaty 
in  elderly  subjeota  we  should  do  well  to  look  oat 
lor  ^  di^ontbn.  The  anggeatifHi  of  the  Iftte 
Sir  W.  Roberta,  that  we  should  aubstitute  chloride 
of  potaMTOm  for  chknide  of  sodium  as  a  table  salt, 
ia  aapported  by  Bunge,'  whr  has  shown  that  when 
potassium  is  ingested  in  excess  of  sodium  a  loss  of 
the  latter  from  the  system  takes  place.  Unfor- 
tunately, chloride  of  potassium  is  by  many  disliked 
as  a  table  salt,  but  it  is  less  objectionable  when 
combined  with  50  per  cent,  of  sodium  chloride, 
or  with  potassium  nitrate.  T'ae  following  formula 
of  an  apressor  table  salt  may  be  found  useful : 
ammonium  hippurate,  1  part ;  potassium  nitrate, 
4  parts  ;  potassium  chloride,  25  parts.* 

A  strict  milk  diet,  anfficient  in  qnan^  to  main- 
tain the  health  ai^  coiuUtion  of  the  ^timt—^.g, 
six  pints  a  day—attppliea  to  the  aystem  from  100 
to  200  graina  of  aalt  (Afferent  aitf^oiitaea  giving  the 
aalt  percentile  of  milk  as  ranging  from  1*6  to  3  0), 
iM>  that  Bach  a  diet  ia  by  no  meana  saltless.  Nev^ 
theless,  experience  shows  that  a  milk  diet  or  a 
lacto-farinaceous  diet  for  a  few  weeks  has  some- 

»  G.  Bunge,  Text-book  of  Phyaidogf  and  PaAotogitol  Chmidrif 
(Ixuulated  by  F.  A.  Starling),  1902. 
*  McMM.  Oi^M»lieimer,  S<m  &  Co.  pi^Moe  s  portable  form  of  tbb 
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Ham  ui  exeeWcnt  effect  on  high  arterial  pressure 
and  on  the  general  health.'  Unfortunately,  milk 
is  often  badly  borne  in  some  cases,  especially  when 
the  bowels  are  inclined  to  constipation  and  the 
liver  is  inactive;  but  eve-  it  may  often  be 

made  to  agree  by  adding         citrate  of  soda  or 
potash,  or  whcr  there  is  gastric  acidity  sodii  bicaf 
bonas  or  liquor  magnesii  carbonatis.    But  a  lacto- 
vegetarian  diet  is  more  suitable  in  most  cases :  a 
moderate  daily  quantity  of  milk  {e.g.  two  or  Utree 
pints)  when  taken  with  vegetable  food-stuffii 
(bread,  rice,  green  vegetables,  and  frmts)  sltonld 
not  seriously  raise  the  low  percentage  of  ingested 
salt  and,  moreover,  it  advantageously  increases  the 
^(^ntioB  of  the  footdn  and  fat,  especially  when 
combined-    a  with  cream,  cheese,  and  eggs.  Cheese 
in  moderation  is  perhaps  the  least  objectionable 
fon^  ol  protein  food  in  these  cases.   Meats  of  all 
kinds  contain  even  u  smaller  percentage  of  native 

*  See  w  addrew  on  Arterio-«clero«fa  by  Sir  W.  P.  Hefitan^am, 
M.D.,  Brit.  Med.  Joum.,  vol.  i,  1907.  p.  61.  According  to  the  recent 
experimentB  of  C.  J.  Coleman,  milk  a«  a  diet  doea  not  appear  to 
increase  the  coagulability  of  the  bbod,  as  madt  of  Hi  eMnm  uoalnt 
is  not  available  aa  a  factor  in  controlling  the  coagulation,  for  ii  is 
probably  combined  with  onanie  (and  not  mineral)  acids,  which 
combination  doee  not  shot.w  the  eoegalft^  time  (Th*  Bkh 
OkmbKi  Journal,  op.  cU.).  So  it  is  not  improbable  that  if  calcium 
favo  irs  a  rise  of  arterial  preeaure  {vid.  ttq.)  milk  may  fail  to  do  so, 
just  as  it  fails  to  inoieeee  tiw  ooegolftbilty  ol  tbe  blood. 


* 
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chloride  than  milk  ;  but  the  cardio-vascular  stimu- 
lant effect  of  the  extractives  which  they  contain 
more  than  counterbalances  any  advantage  they 
possess  in  their  relatively  low  percentage  of  salt. 
Boiled  meats,  however,  containing  less  salt  and 
extractives  than  roast  meat,  may  be  added  to  the 
dietary  without  disturbiug  its  comparatively  salt- 
free  chuacter.  Fzesh-water  fish  (such  as  trout, 
trench,  pike,  and  cra3rfish),  which  contidnmuch  less 
salt  ^an  salt-water  Mi,  may  also  be  taken  if  we 
do  not  require  to  adhere  to  a  strict  minimum  supply 
of  ingested  salt.  Caviare,  pickled  sdt-water  fish, 
molluscs,  and  shell*^!  should  be  avoided.  The 
condiments— pepper,  mustard,  vinegar,  lemon,  etc. 
— when  taken  in  moderation,  are  useful  in  relieving 
the  insipidity  of  the  dechloriding  diet. 

When  the  systolic  arterial  pressure  maintains  a 
high  range  this  dietary  should  be  tried,  and  especi- 
ally when  there  are  albuminuria  and  any  oedema, 
however  slight.  But  even  when  the  arterial  pres- 
sure is  equally  high  and  there  is  not  even  the  merest 
trace  of  albumin  in  a  pellucid  urine,  we  may  still 
entertain  a  suspicion  of  kidney  insufficiency — such 

may  diminish  the  permeability  of  the  chlorides ; 
az»i  we  may  find  a  isaal  of  tiie  dechlimding  diet  as 
usefol  m  wsch.  cases  as  in  ^  alboimiifim  ones. 
Vfhm  the  kidneys  are  sound  and  normally  p«ni^ 
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able  to  sodium  chloride  it  is  not  likely  that  the 
ordinary  use  of  salt  will  interfere  with  the  elimina- 
tory  work  of  the  kidneys  or  will  raise  the  arterial 
pressure,  except  quite  temporarily;  for  normal 
renal  elimination  of  the  chloride  is  too  rapid  to 
allow  of  a  permanent  rise  in  the  percentage  of  it 
to  take  place  in  the  {dasma  and  tassue  fluids.  We 
may  tiierefore  inter  that  if  there  is  a  permanent 
retention  of  chlorides  it  will  be  invariably  patho- 
logical and  not  a  j^y^ological  condition,  and  our 
aim  in  iareatment  is  to  restore  the  chloride  equili- 
brium by  reducing  the  amount  of  the  ingested 
chloride  to  that  which  is  eliminated  by  the  kidneys. 
The  question,  therefore,  is  one  of  renal  inadequacy 
in  the  elimination  of  the  chlorides. 

Should  the  arterial  pressure  be  permanently 
raised  without  there  being  any  failure  in  the 
elimination  of  chlorides,  urea,  and  purine  com- 
pounds, the  reduction  of  ingested  salt  is  not  likely 
to  lower  the  arterial  pressure— though  it  is  wdl  to 
test  the  matter  by  observation. 

Tobacco  smoking  is  sometimes  looked  on  as  a 
qnesttonable  habit  when  tihe  arterial  ^emoe  is 
increased,  uid  knowing  t^t  nicotine  rakes  ^t 
pressue  and  win  e^m  produce  sometiung  like 
ttg^ims'mskstom  m  «niiffib  we  may  be  ^tipmed  to 
look  on  smoking  witii  suspidon.  But  smoking 
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does  not  nec^tsarily  imply  the  absorption  of  all 
the  ni(H>tine  contained  in  tobacco — as  when,  for 
example,  the  weed  is  chewed.  For  combustion 
breaks  up  the  nicotine  into  such  products  as 
pyridine,  carbon  monoxide,"  etc.,  which  predomi- 
nate in  the  smoke,  though  this  may  also  contain  a 
little  nicotine.  Hence  the  physiological  effects  of 
smoking  on  the  arterial  pressure  will  be  due  to  the 
combined  action  of  all  the  products  of  combustion 
as  well  as  those  portions  of  nicotine  which  escape 
destruction  and  which  may  be  directly  absorbed 
from  the  end  of  a  cigarette  or  cigax.  From  the 
observations  which  I  have  made  on  myself  and 
other  normal  subjects  not  habituated  to  smoking, 
I  find  that  it  always  raises  the  systf^  T^xemm 
{e.g.  from  10  to  20  mm.  Hg.)  without  producing  a 
corresponding  rise  in  the  diastolic  pressure;  in 
fact,  the  latter  pressure  will  generally  eii^ier  remain 
unaltered  or  may  even  fall,  the  pulse  pressure  range 
{i.e.  the  difference  between  the  minimum  and 
maximum  pressures)  being  increased.  The  effect, 
as  a  rule,  passes  off  quite  quickly,  generally  in  ten 
minutes  or  so;  but  notwithstanding  this  fact,  it 
is  undesirable  in  the  management  of  cases  of  super- 
normal arterial  pressure  to  permit  indulgence  in  a 

1  See  Lancet,  Jan.  2,  1804,  p.  43 ;  and  ¥tb,  6, 1904,  p.  395  (J. 

S.  ThompBon,  M.D.). 
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habit  which  raises  the  systolic  arterial  pressure. 
Besides,  Barazzoni  found  that  in  subjects  with 
high-tension  pulses  the  rise  of  the  tension  produced 
by  tobacco  smoking  is  more  exaggerated  than  in 
subjects  with  low  or  medium  tension,  and  leads  to 
dyspnoea,  palpitation,  praecordial  distress,  vertigo, 
tremors,'  etc.   In  most  cases,  when  the  habit  of 
smoking  can  be  given  up,  it  is  best  to  encourage 
the  patient  to  do  so ;  and  abstinence  can  generally 
be  easily  enforced  in  tiiose  who  have  hem  light  or 
occasional  smokers  or  who  experience  slight  palpi- 
talaon,  heart  hurry,  anginal  pain,  or  other  dis- 
comfort after  smoking.  But  in  the  habitual  smoker 
it  is  not  always  easy  even  to  limit  the  indulgence, 
though  we  absnM  endeavour  to  do  this  whenever 
possible. 

[In  excessive  cigarette  smoking  accompanied 
with  inhalation  I  have  not  infrequently  found  a 
low  blood-pressure,  but  with  a  considerable  reduc- 
tion in  the  number  of  cigarettes  used  or  after  actual 
■  total  cessation  a  gradual  rise  has  been  observed  in 
the  pressure. — A.  M.] 

III.  Rest  and  Exsbcise 
The  value  of  absolute  rest  in  the  management 
of  high-pressure  cases  should  be  os^ha^ed ;  lor 

1  OazxtUa  MeUrn  itaUniM,  190S. 
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I  doubt  if  we  all  quite  realise  it  as  fully  as  we 
ought  to  do.  We  not  infrequently  see  its  calma- 
tive influence  on  the  arterial  pressure  of  bed  cases 
(as  in  hospital),  the  pressure  readings  in  similar 
pathological  conditions  being  generally  lower  in 
them  than  in  patients  leading  their  ordinary  lives. 
Absolute  rest  is  the  best  sedative  of  exalted  ventri- 
cular action,  that  large  factor  in  maintaining  super- 
normal pressure,  especially  in  the  higher  ranges ; 
and  this  is  often  apparent  even  when  tiie  r^ponse 
of  the  peripheral  {uteris  to  a  va'KHlilator  is  eitha 
greatly  Umited  oi  is  not  apparcoit*  In  many 
such  cases  increments  of  pressure  recur  from 
caiduc  excitation  induced  i^^y  or  biochemi- 
cally, when  recumbency  for  varying  periods  is 
invaluable,  even  though  the  heart  muscle  may 
not  show  signs  of  actual  failure.  The  periods 
of  absolute  rest  required  may  vary  from  a  day 
once  or  twice  a  week  to  even  three  or  four  weeks 
at  a  time  * ;  and  after  the  lapse  of  the  longer  in- 
terval of  resting  care  should  be  taken  to  see 
that  the  asumption  of  the  accustomed  exercise 
is  gradual,  or  the  good  effects  of  the  recumbency 
may  be  nullified. 
Then,  on  the  other  hand,  the  prescription  of 

*  During  the  prescribed  rest  evaouaat  treaUueat  of  the  liver  and 
bow^  Avoid  be  mam  pftrtkmU^  Bu^toiBed. 
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exercise  is  important.'  When  the  arterial  pressure 
rises  beyourl  a  certain  moderate  degree  the  patient 
is  apt  to  become  somewhat  lethargic  and  inactive. 
We  should  in  such  oases  encourage  the  taking  of 
as  much  regular,  moderat .,  and  equable  exercise 
as  the  patient's  limit  will  safely  permit.  Walking 
is  tike  beBt  of  all  exesm'^  ,  hut,  nnloitanatdbfr,  even 
when  indulged  in  quite  moderatdy,  these  patients 
frequently  complain  of  early  "fagging."  Then 
in  suitable  cases  gentle  cyding  on  roacU  of  low 
gradients  and  with  a  low-geared  cycle  is  preferable, 
or  horde  riding — a  form  of  exercise  which  we  are 
apt  to  overlook  m  this  mechanical  age.  All  sudden 
forms  of  exertion  shouJd  be  avoided,  such  as 
straining  at  stool,  etc.  But  the  prescription  of 
exercise  when  there  is  a  rising  pressure  in  the  elderly 
requires  discrimination  and  caution.  Many  men 
over  sirty  years  of  age,  who  have  led  sedentary 
li  es,  on  retiring  from  business  are  apt  to  adopt 
the  ways  and  games  of  young  men,  and,  being 
unconscious  of  the  fact  that  they  have  already 

*  We  have  seen  that  rest  may  lowi  e  arteria)  pnman  by 
calming  an  overtaxed  ventriole  in  a  state  of  irritable  activity.  On 
(he  other  hand,  the  moderate  exercise  of  tiie  muscles  may  abo 
diminish  the  pressure  by :  (1 )  oxidif<ing  and  destroying  the  adrenaline 
which  maintains  their  tcne  and,  by  accumulation  in  the  blood, 
raises  the  arterial  pressure ;  (2)  generating  lactic  acid  and  perhape 
other  depressor  metabolic  produota  ;  and  (3)  dilating  the  peripheral 
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used  up  much  of  their  endowment  of  rubber  in 
tiieir  arteries,  are  apt  to  come  to  grief  in  cardio- 
vascular breakdown.   Such  cases  are  an  object- 
lesson  to  us  to  preach  moderati  n  in  physical  exer- 
cise to  the  elderly  in  whom  we  detect  signs  of 
diminished  elasticity  and  play  in  the  vascular 
walls,  so  that  they  may  be  induced  to  economise 
their  remnant  of  rubber.   Still,  on  the  other  hand, 
moderate  activity  in  the  elderly  is  generally  bene- 
ficial, and  we  should  alw..ys  remember  that  aitxit 
middle  life  involution  and  d^eneration  are  fostered 
by  inactivity;  hence  a  sudden  retirement  from 
active  business  often  leads  to  a  pcwn^e  break-up. 
The  cardio-vascular  stimulation  of  exercise  should 
always  be  avoided  just  after  &  meal.   The  patient 
should  then  rest  recumbent  or  semi-recumbent  for 
a  good  part  of  an  hour ;  and  after  that  interval 
has  elapsed  he  should  always  take  exercise,  however 
Umited  it  may  be.    Special  exercises,  such  as  ten- 
sion exercise,  and  graduated  resistance  and  slow 
deep  breathing  exercises,  are  often  valuable  m 
widening  the  peripheral  vessels  and  in  letting  down 
the  arterial  pressure ;  and  massage  is  useful  when  the 
heart  begins  to  weaken  and  is  not  equal  to  efiB«aent 
active  exercise. 
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IV.  Balneolooioal  Tbbatmsht 

Some  experience  in  the  use  of  diS^nt  kinds  of 
bftths  in      treatment  of  these  cases  has  clearly 
indicated  to  me  that  some  babieological  procedures 
are  more  potent  ^n  others  in  rdieving  sapef- 
normal  arterial  pressure.    Immersion  in  warm 
fresh  water  lowers  the  arterial  pxessure  chiefly  by 
relaxing  the  cutaneous  and  splanchnic  arterioles ; 
but  this  efiect  is  quite  tnmsit'Ory,  and  the  cutaneous 
circulation  is  left  more  amenable  than  before  the 
immersion  to  the  contracting  influence  of  a  lower 
temperature.    But  when  the  water  contains  or  is 
charged  with  certain  chemicals  (such  as  chlorides, 
sulphides,  extract  of  pine,  peat,  and  carbonic  acid) 
the  lowering  effect  on  the  arterial  pressure  is  pro- 
longed.  Hence  the  calmative  influence  of  peat, 
sulphur,  pine,  saUne,  and  carbonic  acid  baths, 
followed  by  dry,  warm  packing  on  the  circulatory 
organs  and  the  nervous  system,  and  thdr  adapt- 
ability to  the  tEeatment  of  tdbose  cams  of  ismesmeA 
arterial  pressure  aasroiated  with  some  phase  <^ 
nervous  irritability,  or  with  contraction  of  tlM 
cutaneous  blood-si^ply  and  some  me&dsmf  ci 
the  skin  as  an  emunctory  organ.    A  course  >>f 
such  bathing  will  produce  good  results,  even  when 
the  ar^^snal  pressure  is  modoately  intareased.  But 
12 


178    STUDIES  IN  BLOOD-PRESSUEB 


I  rarely  find  it  desirable  to  rely  upon  these  still 
baths  entirely,  for  they  are  apt  to  leave  the 
muscular  system  relaxed  and  toneless.  They  are 
more  valuable  as  ititercunent  baths  in  a  course 
of  massage  bathing,  which  exerts  a  more  decided 
effect  in  lowering  the  arterial  pressure  while 
maintaining  or  even  improving  the  nutrition  and 
tone  of  the  muscles.  Warm  massage  douching, 
exemplified  by  the  Aix-les-Bains  douche,  followed 
by  the  needle  bath  of  alternating  temperature  and 
warm  pack,  is,  according  to  my  observation,  one 
of  our  most  yaluable  balneolo|^»l  procedures  for 
treating  cases  of  supernormal  arterial  pressure. 
In  it  we  hsve  in  synei^  combination  the  action 
of  warmth,  masss^e,  and  vibration  in  diverting  the 
blood  to  liie  peripheral  vessels  of  the  richly  endowed 
vaa&B^  area  of  the  muscles  as  well  as  that  of  the 
skin. 


V.  Elbotbioal  Tbsatmxbt 

My  experience  of  the  therapeutic  value  of 
electricity  in  cases  of  supernormal  arterial  pressure 
is  somewhat  variable.  It  has  scarcely  given  me 
sufficient  confidence  in  its  efficacy  to  encourage 
me  to  rely  on  it  as  the  sole  mode  of  treatment 
beyond  tiie  dietetic  and  general  management. 


But  I  have  not  infrequently  found  it  to  be  a  useful 
adjuvant  when  resorted  to  along  with  other  balneo- 
logical procedures. 

Radiant  electric  light  baths,  wliieh  secure  active 
cutaneous  elimination  at  a  oomparatiTely  low 
temperature,  h&ve  proved  most  useful  in  many  of 
my  cases ;  and  I  frequently  advise  thek  continued 
use  twice  or  three  times  a  week. 

The  D'Axsonval  ouxient  for  twenty  minutes 
daily,  with  or  without  bipolar  massage,  or  the 
electric  breeze,  or  the  sparking  application  to 
the  limbi  and  body,  has  occasionally  afforded  me 
encouraging  results.  Montier  has  adduced  some 
rather  striking  evidence  in  support  of  thv.  reducing 
effect  of  D'Arsonvalisation  in  hypertension;  he 
having,  for  example,  observed  in  some  cases,  even 
after  a  few  seances  only,  a  fall  from  such  high 
readings  as  220  or  230  mm  Hg.  to  150  or  160— a 
fall  which  was,  m.oreover,  remarkably  persistent 
notwithstanding  the  discontinuance  of  furtlMar 
electric  treatment.'  I  have  not  myself  observed 
such  satisfactory  results. 

Schnee's  four-cell  dectric  bath  (ge^anic  or 
sinusoidal)  is  another  form  of  electrical  treatment 
I  have  found  useful  in  byp^rtenmon,  especi- 
ally  in  chronic  gouty  subjecto. 
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VI.  Cabb  of  the  Skih 

It  is  important  in  these  cases  to  nudntam  ik» 
cutaneous  circulation  at  its  optimum  efficiency. 
Warmth  diverts  to  the  skin  a  compaiatively  large 
volume  of  blood,  which  lowers  the  general  arterial 
pressure ;  hence  the  value  of  warm  efficient  woollen 
clothing  and  of  warm  equable  climates  (such  as 
those  of  Jamaica,  India,  or  Egypt)  during  our 
winter  and  spring  months.  Cold,  and  especially 
cold  windy  climates,  are  most  injurious  in  high- 
pressure  cases.' 

Cutaneous  elimination  should  be  encouraged  ;  a 
thorough  perspiration  should  be  obtained  once  or 
twice  a  week  by  means  of  a  lamp  bath  (home 
Tmkish  bath),  or  an  incandescent  light  bath,  or  a 
Turkish  bath,  followed  by  efficient  massage  and 
removal  olefiete  epithelium.  By  active  perspiration 
the  plasma  and  ^sue-fluicb  are  reKeved  of  an  esuseas 
of  sodium  chloride  and  metabolic  residua. 

»  High  altitadea,  evMi  though  the  air  ia  still,  are  contraindicated 
in  ^ew  oaMa ;  chiefly  beoaowof  tin  t^nSa  thrown  aa  Uie  heart  by 
the  cold  and  the  accelerated  breathing  necessitated  by  the  altitude. 
Hmice  the  injurious  effects  are  more  apparent  when  the  heart  muscle 
is  beginning  to  foB  tud  wImd  the  bnittbii^  is  disturbed  by 
exertion.  Sheltered  moderate  altitudes  aie,  however,  sometimes 
beneficial  in  hypertonia  aad  supernormal  fccssare  when  the  heart 
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VIl.  ViHUionoN 

So  fu  I  have  had  no  ezperienoe  of  Teneeec^m 
in  tlie  ordinary  course  ol  treatment  of  high-pressure 
eases»  apart  horn  the  actual  accidoiti  of  mrnnia 
and  cerebral  hmnorrhage.  Now  that  we  hare  in 
tiie  clinical  manometer  an  instniment  of  precirion  to 
goide  US  in  stieeting  the  right  case  for  venese^on, 
should  we  not  avail  ourselves  of  the  rapid  hypoten- 
sive ^ect  of  this  measure  more  often  ^n  we  do 
when  suspiciouiily  threatening  symptoms  arise,  or 
when  in  certain  plethoric  subjects  a  very  high 
pressure  does  not  respond  sufficiently  to  the  ordi- 
nary preventive  measures,  especially  if  the  free  use 
of  vaso-dilators  is  not  effectual  ?  Under  such  con- 
ditions many  years  ago  I  used  to  apply  Junod's 
boot,  with  apparently  favourable  results ;  but  I 
think  a  limited  venesection  would  be  still  more 
effectual  than  this.  The  apparatus  acts  Wa  a 
magnified  cupping-glass  ;  it  contdsts  of  (1)  a  metal 
boot  suffidently  large  to  aoconmiodate  t^  up 
to  the  thigh,  where  the  opening  is  rendered  air- 
tight by  a  broad  band  of  indiarubber,  and  (2)  an 
air-pump  attac^d  to  a  nozzle  communicating 
with  the  interior  of  the  boot  through  which  the 
ak  wi^on  m  rar^ied. 
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VIII.  MiDionrAii  Tbbatmbit 

Sometimes  dietetic  treatment,  regulation  of  rest 
and  exercise,  and  some  balneological  procedure- 
such  as  thermo-massage  -  "  ill  suffice  to  correct  the 
increment  of  arterial  pressure,  more  especially  in 
its  slighter  degrees.  But  in  most  cases  it  will  be 
found  that  some  medicinal  treatment  or  o^«r  in 
addition  will  be  ^^er  vaM  in  orpedit^t  tfae 
progress  or  will  be  necessary.  That  treatment 
may  be  directed  into  one  or  other  of  the  following 
lines— namely  (1)  to  secure  (a)  free  evacuation  and 
correction  of  the  liver  and  bowels,  (6)  gastro-in- 
ttHPtai^  antisepsis,  and  (c)  sedation  of  the  gastro- 
cardiac  reflex ;  and  (2)  vaso-dilatation  and  seda- 
tion of  the  vaso-motor  nervous  system. 

Evacuant  and  Antiseptic  Treatment.— There  is 
no  doubt  that  nearly  all  forms  of  supernormal 
arterial  pressure  are  benefited  less  or  more  by 
purgatives ;  not  so  much,  however,  by  the  occa- 
sional aperient  dose  as  b  '  n  daily  increr-sed  dis- 
charge from  the  bowels.  The  benefit  thus  derived 
may  be  ascribed  to  (1)  the  stimulation  and  cor- 
rection of  the  liver  and  other  abdominal  glands ; 
(2)  the  daily  baling  out  ^irough  the  intestimil 
mucous  membrane  of  salt*  and  water  from  the 

1  Iteaocmy  pcopoctioaoiiiftlBiiM&MiMkgiwt^&MaMMdlB 
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bkMd  ana  th«  tiMnti,  witk  ttenkto  of  the 
inttmiediafy  cmoktloii;  m>X  (3)  ^  maavBl  of 
inttttiiiil  toziiis.  To  be  efficient  the  aperient 
miiit  pfodnee  a  free  watery  discharge.  Saline 
puxgativee  should  be  taken  in  hot  water  in  the 
eaily  morning,  such  as  sodii  sulphas,  or  soda 
tartarata,  or  sodii  sulphas  with  magnesii  subhas ; 
and.  in  addition,  there  should  be  an  o^-*  al 
mercurial  dose— once  or  twice  a  wt  aiomel 
or  pilula  hydrargyri)  at  bedtime.  Just  w  there 
is  a  widely  entertained  belief  that  the  generation 
of  toxins  in  the  gastro-intestinal  area  (chronic 
intestinal  auto-intoxication)  is  the  possible,  if  not 
probable,  cause  of  several  aihnente  of  obeonre 
origin,  such  as  gout,  arterio-ielero^,*  ele»  Met^ 
nikoff  Lap  shown  us  the  importance  of  av<»ding  the 

diarrhoea.  Vide  "  L'EBmin»«on  do  CMoww  *  8o«mB  p«r  b 
Diuib^e  "  (CompfM  Reitdua  de  la  SoeiiU  it  Bialogie,  1903,  p.  929). 

>  A  few  yea»  ago  I  noted  the  arterial  jitmnm  ol  patiento 
Buffering  from  colitii,  who  have  nndwgoiie  the  Plomliiini  tmtnmnt 

•I  Harrogate.  In  those  in  which  the  presmre  waa  raised  I  cannot 
say  that  I  have  obwwved  any  marked  or  appreciable  faU  of  it 
which  could  be  awsribed  to  Uie  bnpiovemeiit  ol  ib»  colon,  even  in 
tbe  nort  ■MOiMful  oases.  Moreover.  I  have  met  with  several 
cases  of  pronounced  chronic  coUtis  affording  a  somewhat  low  arterial 
pressure,  or  certainly  without  any  rise  whatorer  over  the  normal 
pmnue.  From  the  study  of  these  cases  I  cannot  say  that  I  have 
discovered  any  direct  evidence  showing  that  ooli^  «  ,  -vtholopcaUy 
connected  with  arterio^eiefosfe.  (pat,  or  »  'upeirwia^i  ert?fW 
pressure.  I  am  therefore  rather  disposed  to  .  U  ff  t«t>  «>»on  i« 
mgoaaible  for  tba  production  of  a  pressor  tox 
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ingestion  of  bacteria  in  raw  fruit  and  vegetables 
by  heating  and  cooking  them.  But  cooking  is 
objectionable  in  depriving  certain  raw  fruits  and 
vegetables  of  their  delicate  and  appetising  flavour. 
In  the  case  of  grapes,  salads,  and  perhaps  straw- 
b^es,  we  may,  however,  render  them  aseptic 
wi^ottt  impairing  ikm  mtaxal  flavour  by  dissolving 
oiM  of  Dr.  Bideal's  tablets  of  bisulphate  of  soda  in 
ten  ounces  of  water  and  ^ng  this  as  a  wash  water. 
Intestinal  antiseptics  may  often  be  used  witili  ad- 
vantage  when  the  arterial  pressure  is  persistently 
raised,  such  as  benzo-naphthol,  salol,  sidacetol,  and 
tylmarin  (acetylated  ortho-coumaric  acid),  which 
tend  to  ease  the  peripheral  circulation  like  the  other 
members  of  the  aromatic  series.  Mercurials  are 
also  not  only  antiseptic,  but  relax  the  arterial  wall, 
and  I  have  observed  that  parvule  doses  of  calomel 
{e.g.  tabloids  of  Yoth.  grain)  twice  or  three  times  a 
day  may  be  taken  for  a  few  weeks  now  and  then 
with  a  favourable  efEect  on  the  arterial  pressure. 
The  red  oxide  of  mercury  tabloids  (^oth  grain)  are 
also  worthy  of  a  trial.  Small  Jsi  ly  dos^  of  sulphur 
—such  as  the  (KHnpound  snlphtu.  or  the  guaiaettm 
uid  sulphur  tabloids — are  not  only  useful  as  laxa- 
laves  but  also  favour  a  fidl  of  the  art^al  psemajx. 

2.  Sedation  of  th»  Gftf^o-eatdiac  Reflex.— In 
mmy  cases  of  snp^mormal  pressure  of  the  patoz- 
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ysmal  type,  as  in  angina  pectoris,  it  is  of  some  im- 
portance in  the  medicinal  treatment  to  soothe  the 
L^rve-endings  in  the  stomach.  This  may  be  at- 
tained from  the  medicind  standpoint  by  administ«r>- 
ing  beiore  meals,  when  the  stomach  is  empty,  such 
remedies  as  bismnth  (carbonate,  trinitrate,  salit^- 
late),  e8»imn,hydioeyaBi6  axad,  sodium  bic«boiii^ 
ms^esium  carbonate,  small  doses  of  liq.  morphise 
[or  preferably  bromide  of  sodium  and  glycerine  of 
carbolic  acid — ^A.  M.],  in  those  combinations  which 
seem  to  the  prescriber  to  be  best  adapted  to  the 
case  in  hand ;  and  it  is  often  advisable  to  continue 
such  treatment  for  lengthened  periods. 

3.  Apressor  Remedies. — Arterial  pressure  may 
be  reduced  either  by  diminishing  the  output  of  the 
ventricle  or  by  widening  the  bed  of  the  whole 
arterial  system,  and  especially  its  peripheral  portion. 
Experience  shows  that  it  is  futile,  if  not  injurious,  to 
attempt  to  obtain  a  depressor  effect  and  to  main- 
tian  it  by  drugs,  which  lower  tiie  action  of  the 
^art.  €k>Iey,  of  Philadelphia,  for  example,  has 
shown  that  such  drugs  as  aconite,  v^trine,  anti- 
mony, BxA  dsikxal  ace  unsatii^tory  and  tcta^i^ 
justifiable  remedies  for  the  purpose  of  reducing  the 
arterial  preanire.*  Our  choice  of  apressor  remedies 
is  thaef(»e  restricted  to  ^toee  which  favour  dilato- 

*  Brik  MA  Jcmm.,  1900,  vol.  ii,  p.  1484. 
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tion  of  the  calibre  of  the  arteries,  and  thus  ease  the 
flow  of  blood  through  the  distal  portion  of  the 
circulation.  Their  physiological  action  on  the 
arterial  pressure  (distal  and  pioximal)  is  easily  de- 
monstrated hj  the  manometer  in  man  by  admin- 
istering a  dose  of  nitro-glycerine ;  and  I  have  else- 
shown  kow  nsdn!  it  is  in  the  ootirse  of 
clinical  obs^ation  l^us  to  gai^e  thevaso-dilator 
response  of  the  art^es. 

D«ndtt«tum  in  an  Apressor  Remedy.— Control 
of  a  percdstently  high  arterial  pressui'e  by  drugs  is 
mofe  or  less  unsatisfactory.  Should  an  impression 
be  made,  there  is  the  gradual  failure  to  maintain 
it,  or  the  great  liability — often,  indeed,  the  certainty 
— of  the  recurrence  of  the  higher  pressure  on  dis- 
continuing the  remedy  or  on  reducing  the  dose  of 
it.  The  effect  is,  indeed,  rarely  curative.  The 
desideratum  in  an  apressor  remedy  seems  to  be  the 
discovery  of  some  agent  which  will  modify  arterial 
pressure  on  the  lines  followed  by  nature — some 
product  or  other  which  may  be  continued  without 
harm  so  long  as  it  may  be  requirai.  We  may,  as 
experimentid  work  proMecb,  fii^  the  solntbn  <^ 
this  question  in  physiological  chemistry,  and  we 
are  already  b^pnning  to  rmiise  that  wtc»aid 
piesBuie  may  be  the  resultant  of  the  interaction 
of  pressor  and  apressor  products  supplied  to  the 
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blood  by  the  internal  secretions  of  the  various 
organs  and  tissues,  and  that  the  higher  ranges  of 
pressure  we  meet  with  may  arise  from  the  pre- 
dominance of  the  pressor  products,  the  aati-bodiei 
being  generated  in  insufficient  quantity.* 

The  Depressor  Effect  of  Ingested  Thyroid  Gland. 
—We  know  that  tiie  a^nd  and  tiie  ptaitazy 
glands  yield  pressor  bodies ;  but  our  knowledge 
of  apressor  secretory  products  is  much  more 
limited.  Extracts  of  most  organs  cause  on  in- 
travenous injection  a  teansitory  fall  of  arterial 
preflBore;  among  these  the  thyroid  calls  for 
special  mention,  for  I  have  observed  that  the 
ingestion  of  the  thyroid  gland  increases  the  calibre 
of  the  arteries  and  lowers  the  arterial  pressure, 
and  in  many  cases  of  increased  arterial  pressure 
it  is  soiuetimes  useful,  especially  in  subjects  over 
forty-five  or  fifty  years  of  age  of  a  gouty  or 
obese  type ;  but  it  is  not  a  remedy  which  should 
be  prescribed  in  a  routine  way  in  the  majority  of 
cas3s.  When  given  in  guarded  doses  with  each 
meal,  it  will  often  modify  the  pressure  and  imiaove 
the  general  health,  ard  ti^a  it  m&y  witli  occa^nal 
supervision  be  safely  continued  with  advantage 

»  The  accumulatioa  of  pressor  producte  in  the  blood  may  also 
depend  on  insufficient  destruction  of  them,  e.g.  adiMU^M  by  (bt 
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for  long  periods.  On  the  other  hand,  I  have  seen 
quite  small  doses  of  thyroid  produce  cardiac  irregu- 
larity and  dilatation  in  arterio-sclerosis.  The 
supervention  of  precordial  ui  easiness,  palpitation, 
or  irregularity  of  the  heart's  action  should  at  once 
suggest  the  discontinuance  of  the  remedy  or  the 
reduction  of  the  dose.  Thyroid  is  sometimes  better 
borne  when  combined  with  a  sniall  dose  of  strophan- 
thtis  or  digitalis ;  and  it  may  be  advantageously 
associated  with  a  little  free  iodine  (tinct.  iod.).  It 
has  hem  thou^t  bj  some  (Stoekmaa»  Rolleston ') 
t^at  the  iodides  exert  their  beneficial  eSect  on 
arteruMKderoffls  and  heightened  arterial  ^eamre 
by  stimulating  the  thyroid ;  they  do  not,  however, 
reduce  the  arterial  pressure.  Chalmers  Watson* 
suggests  that  the  good  results  obtained  from  a 
bread-and-milk  diet  observed  by  Herringham' 
in  certain  cases  of  arterio-sclerosis  with  increments 
of  arterial  pressure  arise  from  the  profound  influence 
of  a  diet,  in  which  milk  largely  preponderates,  on 
the  structure  of  the  thyroid  gland  which  he  has 
demonstrated  in  animals — this  therapeutic  eft'ect 
being,  according  to  him,  "  indirect,  the  thyroid 
gland  spontaneously  recovering  tinder  the  infiaence 
of  lessen^  strain  on  its  functional  activity." 

1  CU»kal  Journal,  1905. 
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The  Depressor  Effect  of  some  other  Normal 
Constituents  of  the  Plasma.--But  I  think  we  may 
question  whether  the  internal  secretion  of  the 
tiiyroid  is  the  only  apressor  agent  present  in  the 
plasma,  notwithstanding  its  obvious  importance. 
Is  it  not  probable  that  the  arterial  pressure  is 
normdUy  modified  by  some  of  the  saline  constituents, 
some  tending  to  raise  the  pressure,  while  others 
lower  it  in  proportion  to  their  preponderance  ? 
The  quantitative  relation  between  the  various  salts 
of  the  serum  is  maintained  within  certain  limits 
in  health ;  and  in  disease  that  relation  may  at 
times  be  disturbed  either  by  the  undue  ingestion 
or  the  defective  elimination  of  certain  salts  (such 
as  calcium  carbonate  and  sodium  chloride).  Some- 
what cognate  physiological  facts  point  to  the 
important  influence  of  the  salts  of  the  plasma. 
Ringer  has  shown  that  the  salts  of  calcium,  sodium, 
and  potassium  must  exist  in  an  ideal  cirouli^iii^ 
fluid  in  the  right  proportion,  smd  those  of  calcium 
are  of  singular  importance  in  maintaining  the 
c(»itractility  of  tiie  v€»itiricle  ;  ai^  Wi^br  has 
demonstrated  that  potas»um  depr^tes  and  calcium 
augments  the  variations  of  el^stric  response  in 
nerve.   Moreover,  we  also  know  the  important  role 
played  by  calcium  in  the  coagulation  of  blood  and 
m^.  May  not  a  similar  rdatk>nship  subsist  \^ 


tween  the  various  salts  of  the  plasma  and  the  blood 
pressure  ?  In  man  the  depressor  effects  of  the 
potassium  salts,  whether  as  carbonate  or  citrate, 
on  the  arterial  pressure  are  often  more  striking 
than  might  be  expected  from  the  results  of  experi- 
mental work  ;  and  the  maintenance  of  a  lower  level 
of  {»«ssure  thus  obtained  may  be  partly  due  to  the 
corrective  effect  of  the  ingested  alkaline  salts  on 
the  distitrbed  bdazice  produced  by  the  {nredomiii- 
ance  of  pre^r  salts.  In  practiee  we  frequently 
combine  the  nitrates  and  nitrites  with  the  carbon- 
ates Gt  citrates  of  pot^ium.  Bit  Laud^  BruntCHi 
associates  nitrate  of  potash  (20  grains)  and  nitrate 
of  sodium  (from  a  half  to  two  grains)  with  this 
tdkaline  treatment  (potassium  bicarbonate)  in  a 
large  tumbler  of  water  in  the  early  morning ;  and 
I  have  observed  excellent  results  from  a  continu- 
ance of  this  prescription  in  many  cases  of  decided 
super-normal  pressure.  Aiic;  !  >^s  are  generally  well 
borne  by  such  for     •     periods.    But  my 

observations  in  man  disp*  uiC  to  conclude  that 
there  may  be  other  salts  normally  present  in  the 
plasma  which  tend  to  lower  the  arterial  pressure, 
such  as  '  hippurates  and  benzoates.  I  gave 
these  sal'>  a  good  clinical  trial  some  years  ago, 
and  I  was  satisfied  that  they  are  useful  in  many 
cases  of  hypertension  and  of  moderate  increments 
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of  arterial  pressure.  As  a  rule  they  improve 
the  general  health  and  well-being,  and  are  well 
adapted  for  long-continued  use  in  the  preventive 
treatment  in  the  hypertonia  of  goutiness  and  arterio- 
sclerosis and  especially  in  the  elderly.  In  many 
cases  of  hypertension,  especially  in  women  and 
overworked  anidous  men,  I  have  observed  that 
the  association  of  ammonium  bromide  with  am- 
mcndnm  bippnrate  or  beneoate  is  still  more  bene- 
ficial in  providing  a  higher  d^ree  of  sedation  of  the 
vaso-motor  nervous  system  than  is  furnished  by 
either  remedy  alone.  There  are  also  other  remedies 
furnishing  hippuric  acid  to  the  system  which  are 
worthy  of  trial  in  cases  of  supernormal  arterial 
pressure,  such  as  quinic  acid,  styracol,  tylmarin, 
which  are  obtainable  in  the  tablet  form.  It  is 
interesting  to  find  how  many  remedies  with  a 
benzene  nucleus  are  useful  in  gout  as  well  as  in 
arterial  hypertension. 

Exogenous  Apressor  Remedies. — The  moB^  im- 
portant of  these  vaso-dilator  remedies  are  the 
nitrites  of  amyl,  isobutyl,  glyceryl,  sodium,  erythrol, 
and  mannit^ ;  all  of  which  vary  ia  l^e  en^gr 
and  duration  of  their  vaao-dilator  activity.  The 
most  active  m^bers  of  the  groiqp,  tmyl  and  i»)butyl 
nitrites  and  nitro-glyc^nne,  have  the  shortest 
dilating  eSect,  and  are  most  txseful  in  comba^ng 
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the  parox)rsms  of  the  'jypertensive  disease,  angina 
pectoris  ;  whereas  the  other  members,  the  nitrites 
of  sodium,  erythrol,  and  maimitose,  exert  a  more 
prolonged,  though  a  somewhat  less  energetic, 
control  over  persistent  arterial  tension — lowering 
the  average  level  of  supernormal  pressure,  and 
guarding  against  accaeions  of  it.  We  should  not 
suppose  that  every  case  of  supernormal  pressure 
AmM  be  treated  by  some  mmber  or  other  of  the 
nitrite  group.  To  do  so  would  surely  remind  us 
of  the  crude  practice  of  the  early  days  of  ther- 
mometry, when  antipyrin,  aconite,  f  ^  other  anti- 
febrile remedies  were  too  frequent  tiscribed  in 
a  routine  way  to  suppress  every  rise  ol  temperature. 
The  nitrites  should,  as  a  rule,  be  held  somewhat  in 
reserve  at  first,  and  should  not  be  employed  until 
after  the  failure  or  partial  failure  of  the  preventive 
or  corrective  treatment ;  and  their  use  and  dosage, 
when  indicated,  should  be  the  result  of  experi- 
mental observation  ai  each  case.  The  dose  and 
its  frequency  having  thus  been  properly  adjusted, 
the  nitrite  may  in  suitable  cases  be  continued  for 
lengthened  periods  when  nectary ;  or  they  may 
be  more  particularly  pr^cribed  during  periods  of 
active  s^srements  ol  pressure  whkh  are  apt  to  sup^- 
vene. 

Yaso-dilatont  may  be  advantageously  combined 
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with  cardiac  and  nerve  tonics  ;  but  it  is  always 
advisable  in  such  cases,  every  now  and  then,  to 
watch  the  effects  of  the  continued  use  of  vaso- 
dilators on  the  heart  and  the  nezvons  system— for 
all  the  nitrites  tend  in  the  cc  urse  of  time  to  diminish 
^e  tonicity  of  the  venteide  and  to  impair  nerve 
tone.  Should  the  sl^test  indieataons  of  dilata> 
tion  appear,  they  should  be  combined  with  small 
doses  of  diptalis  or  strophanthus,  or  botii ;  *  ai^ 
i^uld  the  nerve  tone  fail,  the  vaso-dilators  may  be 
associated  with  small  doses  of  quinine,  strychnine, 
and  phosphorus. 

Iodine,  as  potassium  and  other  iodides,  is  another 
apressor  remedy  which  has  for  many  years  been 
relied  on  as  our  sheet-anchor  in  the  treatment  of 
arterio-sclerosis,  whether  it  is  associated  or  not  with 
a  rise  in  the  arterial  pressure.  And  in  cases  of 
this  type  the  iodides  are  often  surprisingly  well 
borne  in  large  doses  by  the  mouth,  without  pro- 
dncii^  the  symptoms  of  iodism  or  of  depreraion ; 
but  I  do  not  find  that  the  manometer  diows  that 

^  A  good  formula  ia  that  of  Messn.  Parke,  Davis  &  Co.  in  tfa^ 
tablets  Trinitrin  co.  (digitalis,  strophanthus,  and  trinitrin).  I  aiw 
find  the  following  pill  after  meals  three  times  a  day  useful  in  hyper- 
tmaion  of  the  arterial  wall  with  slight  or  moderate  supemormal 
arterial  {wessare  and  cardiac  dilatatioa  (apex  beat  displaced  to  the  left 
with  submammary  tenderness — a  reflex  from  the  overtaxed  ventricle): 
pohr.  foL  digitftla,  eztr.  nuoii  rwa-  oa  gr.  h  ammon.  hippurat,  gr.  j, 

13 
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these  remedies  exert  a  direct  reducing  effect  on  the 
arterial  pressure  at  all,  and  therefore  my  observa- 
tions agree  with  those  of  Stockman,  Burnet,' 
Janeway,  and  some  other  observers.  But  not- 
withstanding this  fact,  I  have  often  found  a  long 
continuance  of  the  iodides  in  small  doses  useful  in 
reducing  supernormal  arterial  pressure.  I  cannot, 
however,  say  that  I  have  obsCTved  a  palpable 
reduetion  of  the  thickening  of  the  acceenble  arteiiet 
from  the  prolonged  ute  of  these  remedies,  even  in 
full  doses.  The  preparations,  iodopin  and  iodalbin 
(Parke,  Davia  &  Co.),  are  perhaps  worthy  of  pto- 
longed  trial  in  arterio-sclerosis. 

The  Amenability  of  Increased  Arterial  Pressure 
to  Control.— Casw  present  decided  differences  in 
their  response  to  treatment.  This  disparity  is 
doubtless  largely  due  to  variations  in  the  cause 
and  in  the  stage  of  development  of  the  pathological 
condition.  The  effects  of  treatment  also  differ 
considerably  in  the  two  -lasses  of  cases— namely, 
in  the  cases  in  which  we  can  freely  prescribe  rest 
and  regulation  of  exercise  and  life  generally,  and  in 
those  who  must  follow  their  avocations  aM  their 
ordinary  routine  of  life.  In  the  former  class  the 
results  are  often  more  satisfactory,  even  when  t^e 

»  "  Therapeutic  Action  of  the  Iodides,"  The  Lancet,  Sept.  8, 1906, 
p.  648.  Dr.  Bumak  adTOMtet  tin  sabootaneoua  use  oi  iode^m. 
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pressure  runs  into  the  higher  ranges.  But  the 
fact  remains  that  the  pressure  is  much  more  amen- 
able to  control  in  some  cases  than  in  others,  in 
which  it  may  be,  and  not  infrequently  is,  practically 
uncontrollable.  My  observations  lead  me  to  the 
general  conclusions — to  which,  however,  I  have  met 
with  some  exceptions — that  th^  is  an  inverse 
ratio  between  the  observed  reaction  to  va8o< 
dttftte^n  Mid  the  degree  of  ponAitrat  sapomoniud 
pressure ;  and  that  in  cas^i  following  their  ordinary 
course  of  life  the  amenability  of  the  pressure  to  be 
(»>ntroUed  by  trratoient  diminkhes  in  a  geiwral 
way  in  proportion  to  the  rise  of  pressure— the  cases 
having  persistent  systolic  pr^ures  of  over  200  mm. 
Hg.  furnishing  by  far  the  majoritv  of  those  which 
resist  appreciable  modification  by  treatment.  But 
these  conclusions  are  only  such  as  might  have  been 
anticipated,  for  a  high  percentage  (probably  about 
90)  of  the  cases  presenting  systolic  pressure  of  over 
200  mm.  are  cases  of  chronic  nephritis  or  of  diffuse 
arterio-sclerosis — with  or  without  renal  implication ; 
and  in  a  large  proportion  of  those  in  which  the 
pressures  are  below  ^  mm.  the  rise  is,  as  a  rule, 
the  outcome  of  conditions  more  or  less  remediable. 
The  pefcentt^e  of  cases  r^a^ed  as  ameiuible  to 
Ixeatment  will  also  be  considerably  influenced  by 
the  pKkctitionar's  conception  m  to  whether  the 
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^enure  ia  normal  or  superpoimal  in  any  particular 
case.    There  being  no  .•iuch  narrow  line  as  that 
of  the  normal  temperature,  euc  li  ()l)server,  though 
knowing  the  giMioral  range  of  the  normal  pressure, 
has  gradually  to  build  up  from  iiis  experience  a 
correction  for  individual  instances  ;  being  mainly 
guided  in  this  by  the  collateral  signs  and  symptoms 
and  by  the  effects  of  treatment  in  borderland  easel. 
When,  for  example,  he  discovers  that  a  systoUc 
arterial  pressure  of  145  or  150  mm.,  which  he  re- 
garded as  doubHuUy  normal,  may  be  rodttced  to, 
say,  125  or  so,  with  an  improvement  all  round  in 
the  patient's  condition  and  health,  he  will  conclude 
tiiat  ike  latter  and  not  the  higher  pressure  is  the 
patient's  normal  reading.    Such  experience  is 
likewise  useful  in  showing  that  we  can  thus  pick 
out  cases  still  amenable  to  treatment  which  might 
otherwise  be  allowed  to  drift  into  the  less  control- 
lable and  higher  ranges  of  supernormal  pressure. 
Our  clinical  management  of  blood-pressure  thus 
becomes  more  preventive.    It  seems  to  me,  there- 
fore, desirable  to  subject  most  cases  in  the  doubtful 
area  (from  145  to  160  mm.)  to  corrective  treatment 
before  accepting  from  145  to  150  mm.  in  a  routine 
way  as  the  pturting  line  between  the  physiologicid 
and  pathologicd  areas. 
Aa  Increment  vi       Arterka  Tnum*  U  « 
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Result.~The  fact  should  be  emphasised  that  supW* 
normal  arterial  pressure  is  not  itself  a  primary 
condition  to  he  attacked  or  controUed  ai  such.  It 
is  invariably  a  r^ult  of  some  patliologioi^  cnm 
or  causes,  and  it  is,  moreover,  often  indeed  a 
necessary  resoH  of  conditK>n8  whicli  we  cannot  re- 
move. While  realising  what  are  tiie  ill  effects 
of  high  arteriid  pressure,  and  trying  to  mo^fy 
^rnn  as  best  we  may  our  attempts  to  moderate 
the  pressure,  we  are  apt  to  forget  that  that  pressure 
is  not  infrequently  a  necessary  evil,  and  should 
SOB^times  be  regarded  as  a  compensatory  effort, 
or  as  one  of  the  natural  defences  of  the  body.  On 
this  point  Theodore  C.  Janeway,  who  has  done  so 
much  to  advance  the  clinical  study  of  blood-pressure, 
has  remarked,  after  referring  to  the  futility  of  drugs 
to  keep  down  the  blood- pressure  :  "  Another 
common  experience  is  that  the  steady  downward 
progress  with  falling  blood-pressure,  when  heart 
weakness  supervenes,  is  often  made  worse  by 
arterial  dilators.  If  improvement  comes  under 
digitdis,  for  instance,  the  presrare  wually  rises. 
These  observations  fiM  their  readiest  explanation, 
if  we  believe  that  for  such  patients  an  average 
levd  of  arteriid  preffiure  &tr  above  the  normal  is 
absolutely  necessary  to  ensure  the  requisite  sp^ 
of  of^ll«ry  blood  flow.  For  them  the  optimum 
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pressure  for  the  maintenance  of  a  normal  circula- 
tion may  become  200  mm.  or  more,  instead  of  100 
to  145  mm.  .  .  .  Where  no  symptoms  of  a  threaten- 
ing nature  exist  these  preventive  measures  alone 
are  called  for.  Under  such  circumstances  a  systolic 
blood-pressure  of  200  mm.— yes,  even  250  mm. 
and  over— is  not  incompatible  with  a  number  of 
years  of  comparative  comfort  and  activity,  par- 
ticularly if  the  response  to  treatment  is  favourable, 
and  the  patient  co-operate  heartily."* 


ADDENDUM 

By  Db.  AiiFBSO  Maittls 

A  natural  question  to  ask  is,  How  axe  we  to  deter- 
mine the  true  position  of  a  case  of  supernormal  pres- 
sure ?  These  cases  always  give  us  anxiety,  and 
rightly  so,  for  we  are  confronted  with  two  dangers,  and 
with  one  eye  we  see  visions  of  a  possible  catastrophe 
through  the  rupture  of  a  weak  vessel  by  doing  too 
little  and  with  the  other  the  danger  of  doing  too  much 
in  lowering  the  pressure  and  .veakening  the  cardiac 
force.  My  reply  to  this  is,  take  a  careful  history  of 
the  case,  and  observe  the  condition  of  the  cardio- 
vascular, the  renal  and  alimentary  systems,  and  try 
to  find  out  the  cause  of  the  high  pressure,  such  as 

>  "  Some  Common  Misconceptions  in  the  Pathological  Physiology 
of  the  Circulation  and  their  practical  significance,"  by  Theodore  C. 
JwMway.  M.D..  New  York  Mtiiedl  Jomm.,  7eb.  3»  190?. 
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errors  in  diet,  alcohol,  syphilis,  lead,  and  exc^ive 
worry,  remembering  that  supemormal  {nressure  is 
not  a  disease       «e,  but  a  symptom  only.   If  the 
left  ventricle  is  hypertrophied  it  suggests  the  pressure 
has  been  persistently  high  for  some  months  or  years. 
Experience  teaches  us  that  with  a  restriction  of  red 
meats  and  alcoholio  drinks  from  the  dietary  of  those 
who  take  them  freely,  the  pressure,  if  not  a  perma- 
nently high  one,  usually  diminishes,  and  this  argues 
that  purine  bodies  and  alcuhol  probably  act  as  vaso- 
constrictors.   Waste  is  constantly  going  on  in  the 
body,  and  it  is  important  to  get  rid  of  the  produets  of 
waste  whatever  they  may  be.   The  proof  of  the 
splanchnic  vessels  being  some  of  the  earliest  to  become 
affected  in  arterio-sclerosis  points  to  our  relieving 
congestion  of  the  visceral  vessels,  which  can  be  done 
by  judicious  purgation,  and  1  gr.  doses  of  calomel 
and  saline  purgati^res  are  most  nsefol  two  or  thrm 
times  a  week.    One  of  the  greatest  outlets  for  waste 
products  is  the  skin,  and  when  inactive  a  free  action 
of  this  organ  must  be  encouraged  by  artificial  means, 
such  as  b;-  massage,  douche  and  Nauheim  bathg, 
when  these  can  be  obtained,  and  intestinal  lavation  k 
also  irery  desirable  in  easas  with  constipation.  It  is 
a  common  observation  that  with  a  dilated  periphery 
causing  an  active  skin  we  have  a  lower  range  of  blood- 
pressure,  which  leads  us  to  suggest  to  those  who  can 
afford  it  to  follow  the  sun.   The  ciffdinal  principles 
of  treatment,  then,  resolve  ttemselves  into  a  strict 
r^Hulation  of  the  intake  and  an  active  outlet  for  the 
waste  products,  and  moderate  exercise  followed  by  rest 
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is  very  desirable  to  give  a  I  otter  distribution  of  the 
blood,  but  sphygmomanomctrio  observations  must  be 
made  from  time  to  time  as  a  guidance  in  treatment. 

If,  in  spite  of  our  regimen  and  treatment,  the  pressure 
continues  h^h,  after  having  watched  the  case  carefully 
for  some  months  we  conclude  that  this  is  a  case  in 
which  the  pressure  is  permanently  supernornml.  In 
any  case  we  recommend  the  general  regimen  to  be 
continued,  and  so  long  as  no  urgent  symptoms  arise 
the  patient  may  do  his  work  in  life  if  he  avoids  excite- 
ment and  sudden  strain. 

We  must  not  use  any  active  moans  to  reduce  the 
pressure,  remembering  that  it  is  probabl}^  an  advan- 
tage and  necessary  that  the  pressure  should  be  high 
for  the  maintenance  of  an  adequate  supply  of  blood 
to  vital  organs .  As  for  drugs  of  the  vaso-dilator  type — 
the  nitrite  group — do  not  use  them  regularly,  for 
it  is  sounder  treatment  to  get  rid  of  the  bodies  in  the 
system  which  contract  the  periphery  by  the  means 
already  mentioned,  rather  than,  by  dilating  the  blood- 
vessels with  the  offending  poisons  still  intact. 

Iodides  should  be  given  very  carefully  if  at  all,  but 
if  there  is  any  syphilitic  history  they  may  be  pushed. 

A  gentleman,  aged  sixty-five,  was  referred  to  me  two 
years  ago  as  having  had  a  high  blood-pressure  for 
some  years,  but  he  had  had  a  too  persistent  therapeutic 
attention  paid  to  it.  He  had  been  a  great  athlete, 
and  rowod  in  his  university  boat  three  years.  When 
I  saw  hiiu  the  pressure  showed  a  reading  of  180  mm. 
Hg.,  and  he  was  dyspnoeic  on  exertion.  His  heart  was 
enlarged,  the  apex  beat  1|  in.  outside  the  nipple  line 
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with  very  irregular  action.  There  was  no  albuminuria, 
and  the  vessels  were  not  palpal)ly  thickened.  It  was 
clear  that  the  compensatory  hypertrophy  which  had 
helped  him  so  long  was  failing.  I  gave  him  no  lowering 
treatment,  but  that  which  was  directed  to  the  raising 
of  his  pressure,  advising  moderate  cxerci>e  whh  plenty 
of  rest  bctv.-o(>n.  I  gave  him  t^tiophanthus  and  nux 
vomica  to  raise  his  pressure,  and  Nauheim  baths  and 
Schott  exercises  to  open  out  his  peripheral  circulation 
which  was  contracted.  After  three  weeks'  trcatnient 
his  blood-pressure  was  15  mm.  higher,  and  the  heart 
more  regular,  and  lie  returned  home  much  better. 
He  made  another  visit  last  year,  having  taken  strophan- 
thus  as  required,  under  the  direction  of  his  doctor  in 
the  interim,  and  his  blood-pressure  was  in  a  still  more 
satisfactory  condition,  for  it  was  steady  at  200  mm. 
Hg.,  and  he  was  able  to  do  his  ordinary  amount  of 
walking  exercise  quite  comfortably.  This  was  plainly 
a  case  where  it  was  wrong  to  deprive  the  patient  of 
a  support  and  force  necessary  to  maintain  his  smaller 
circulation,  by  giving  vaso-dilator  remedies  indefinitely. 

It  has  been  one  of  the  unfortunate  by-products  of 
our  recently  acquired  abilhy  to  determine  a  patient's 
blood-pressure  in  millimetres  of  mercury  that  the 
sight  of  the  column  ne*r  the  top  of  the  tube  has  so 
<rft©n  led  to  immediate  endeavours  to  reduce  the  pres- 
sure at  any  cost  (Janeway).  This  point  is  not  suffi- 
ciently recognised  by  some  practitioners  who  make  use 
of  the  instrument,  and  I  get  eases  of  high  blood-pressure 
sent  for  special  treatment  at  Harrogate  to  reduce  it, 
in  which  nitrites,  large  doses  of  iodMe  of  pot&ssium, 
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anf  other  depresising  reiacdics  liave  been  used,  with 
the  story  that  the  pressure  will  only  partially  yield 
to  treatment.  Tho  fact  is  that,  owing  to  the  gradual 
increase  of  blood-prtsstiri',  each  individual  readjusts 
his  cardio- vascular  physiology  to  compensate  this,  and 
the  physiological  limit  is  now  not  140  or  150  nun.  Hg., 
but  may  be  220  or  25U,  and  to  reduce  the  pressure 
below  this  new  physiological  limit  is  not  only  not 
indicated,  but  bad  therapy. 

The  following  case  is  an  ext  eme  example  of  a  class 
not  unconinionl}'  met  with  :  High  blood-pressure  with 
some  cardiac  hypertrophy  and  symptoms  for  years 
referable  to  a  certain  amount  of  disturbance  of  the 
liver  and  bowels  in  the  middle-i^^,  who  show  no 
signs  of  arlerio-sclerosis  in  the  systemic  periphery,  and 
no  clinical  evidence  of  nephritis  after  examination  for 
albumin  and  casts.  Sir  Clifford  Allbutt  has  called 
attention  to  these  cases,  and  he  names  them  "  hyper- 
piesis."  It  is  a  curable  condition  if  caught  early,  but 
if  not  it  frequently  ends  in  a  permanently  high  pressure 
and  possibly  in  apoplexy  or  cardiac  defeat  in  trying 
to  overcome  the  supernormal  pressure. 

A  medical  man,  aged  fifty-eight,  was  sent  six  years 
ago  to  Harrogate  for  treatment.  He  had  been  seen 
by  two  physicians  in  a  northern  city  who  thought  the 
symptoms  I  am  about  to  describe  due  to  the  develop- 
ment of  some  cerebral  disease.  The  patient  had  taken 
a  fair  amount  of  alcohol,  but  none  for  the  five  years 
previous  to  his  illness,  but  he  had  been  a  big  eater 
of  red  meat.  He  worked  hard  in  a  country  prftctice, 
and  was  subject  to  bad  headaches,  for  whkh  be 
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frequently  took  calomel  and  antipyrin.    He  had, 
however,  what  he  called  a  seizure,  which  he  described 
as  being  constituted  by  great  pain  and  throbbing  in 
the  head,  and  marked  giddinet^s  in  the  erect  posture. 
I  was  asked  to  see  him  in  consultation  some  weeks  after 
this  attack.    He  was  very  emotional,  and  was  rather 
like  a  candidate  for  cerebral  softening.   He  com- 
plained of  throbbing  in  the  head,  and  was  more  or 
less  giddy  in  the  erect  posture.   On  examination, 
the  pulse  was  one  of  very  high  pressur-  lo  the  touch, 
and  the  sphygmomanometer  showed  a  systolic  pressure 
of  220  mm.  Hg.    As  is  my  custom,  I  looked  for  corro- 
boration of  this  in  the  position  of  the  heart's  apex, 
which  was  a  full  inch  outsae  the  nipple  line.  There 
was  no  albumin,  and  the  urine  was  of  good  specific 
gravity.    We  came  to  the  conclusion  that  the  symp- 
toms were  due  to  the  high  blood-pressure,  and  that 
the  only  possible  chance  for  the  patient  was  to  give 
him  perfect  rest  with  a  very  strict  diet.    All  meat 
was  forbidden  as  well  as  salt.    He  continued  to  have 
nothing  but  niilk  and  fish  for  the  three  or  four  months 
whilst  under  our  care.    He  was  well  purged  and  the 
skin  was  kept  active,  but  he  was  much  too  ill  to  have 
any  batoeologioal  treatment.    Hie  blood-pressiire 
gradually  came  down,  and  the  apex  beat  camo  in,  and 
after  four  months'  rest  he  was  able  to  walk  fairly 
comfortably  without  much  throbbing  or  pulsation. 
The  patient  eventually  got  back  to  his  work,  and  has 
continued  well.   He  lives  practically  on  the  same 
lines  of  diet,  taking  no  red  meat  or  alcohol,  and  is  now 
able  to  do  as  hard  a  day's  work  as  he  ever  did. 


CHAPTER  IX 


THE  TREATMENT  OF  SUBNORMAL 
ARTERIAL  PRESSURE 

A  Low  Arterial  Pressure  may  be  Normal  to  the 
Individual.  It  l)y  no  means  follows  that  the 
arterial  pressure  is  abnormal  in  any  particular  case, 
merely  because  it  is  below  the  average  level  of 
pressure  generally  present  in  healthy  subjects  of 
the  same  age.  I  have  met  with  several  male  adults, 
even  in  middle  life,  in  perfect  health  and  enjoying 
their  life  work  and  recreations,  in  whom  the  art^al 
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pressure  has  not  excec^ded  g^y^  Hg-  Such 

subjects  are  generally  slight  in  build.  Then  again 
there  is  the  fact  that  those  in  training  for  games 
and  athletic  exercises  demanding  the  expenditure 
of  spurts  of  energy,  have  frequently  somewhat 
low  arterial  pressures  during  quiescence — the  ven- 
tricle possessing  the  potential  energy  for  sustaining 
the  higher  arterial  pressure  required  during  the 
stress  of  vigorous  nuiscular  action. 

It  would  therefore  seem  that  a  subnormal  pulse* 
pressure,  like  a  slow  pulse-rate  or  a  subnormal 
temp^pature,  may  be  cooidstent  with  good  health 
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and  the  enjoyment  of  an  active  life ;  and  is  not 
in  itself  significant  of  disease. 

A  subnormal  arterial  pressure  may,  however, 
be  of  pathological  import  when  it  is  conjoined  with 
the  signs  and  symptoms  of  disease,  or  impaired 
health— when,  in  a  word,  it  is  a  component  of  a 
complex  symptom.  The  preasme  normal  to  the 
individual  may  then  become  actually  subnormal. 
Such  pathological  depressions  are  observed  in  (i) 
some  chrome  di8ea8e8,e.g.  Addison's  disease,  anaemia, 
hsemorrhages,  neurasthenia,  phthisis  and  other 
waslang  diseases ;  and  (6)  in  some  acute  diseases, 
such  as  diphtheria,  typhoid,  pneumonia,  influenza, 
and  otiier  febrile  ailments. 

Diet.— The  value  of  meat  and  meat  extractives 
in  the  treatment  of  an  asthenic  condition  of  the 
circulation  has  of  late  years  been  thrown  some- 
what into  the  background  by  our  dread  of  uric 
acid  and  the  other  purine  bodies,  which  are  associ- 
ated with  goutiness;    and  indeed  our  dietetic 
directions  generally  have  thus  to  a  considerable 
extent  become  vitiated  and  lop-sided.   In  low- 
pressure  cases  roast  meats  Mid  g^aviee  shouW  pre- 
dominate in  the  diet ;  and  when  meats  are  not 
admisable  in  ^  crude  form,  as  when  there  is  a 
rise  of  temperature,  extractives  of  them,  which 
loe  valuable  caidiac  stimulants  and  restoratives, 
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should  be  given  frequently  in  small  quantities.  In 
many  cases  of  acute  illness  (such  as  diphtheria, 
pneumonia,  influenza)  in  which  the  heart  is  apt  to 
fail,  watery  extracts  of  muscle,  when  given  in 
judicious  intervals,  often  af?ord  timely  aid  in 
tiding  the  heart  over  a  critical  period,  acting,  like 
other  stimulant  remedies,  quickly  and  decisively, 
and  enforcing  the  sustaining  effects  of  food  (milk, 
etc.)  which  requires  time  for  its  absorption  and 
assimilation.  They  should  not  be  given,  as  they 
were  some  years  ago,  as  substitutes  for  food. 
Alcohol  (especially  in  the  form  of  brandy  egg- 
flip)  aci»  in  a  similar  way  when  administ^ed  wi^ 
food.  Sodium  chloride  is  another  stimulant  of 
the  circulation  which  ip  apt  to  be  overlooked.  It 
should  never  be  omitted  from  the  liquid  foods, 
such  as  milk ;  and  I  would  suggest  that  it  should 
be  given  along  with  calcium  and  potassium  chloride 
in  the  proportions  present  in  Ringer's  circulating 
fluid,'  which  may  form  the  menstruum  of  the 
drinks  -lemon,  barley  or  toast  water. 

The  due  appc  -tionment  of  rest  and  the  regulation 
of  exercise  are  most  important  in  the  treatment  of 
low-pressure  patients.   In  acute  cases  absolute 

*  Aseptules  containing  the  chlorides  of  sodinm  (6  parts),  potas- 
sium (3  parts),  and  calcium  (1  part)  are  supplied  by  Messrs.  Oppen- 
heimer,  Son  &  Co.  for  the  ready  preparation  of  Ringer's  solution — 
one  aseptule  being  dissolved  in  20  o«.     fireshly  boiled  vtttet. 
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recumbency  is  of  course  necessary.  In  chronic  cases 
and  during  convalescence  from  febrile  ailments, 
the  prescription  of  exercise  frequently  requires  to 
be  well  guarded,  to  prevent  recurrence  of  atonia 
and  consequent  delay  in  recovery  ;  and  in  such 
cases  recumbency  should  be  enjoined  during  the 
hypotonic  periods  following  the  meals  and  exercise, 
when  undue  dmning  of  bkx>d  into  ^e  splanchnk} 
veins  takes  place.  In  low-pressure  cases  abdominal 
massai^  and  f aradism  of  the  abdomen  are  usdful. 

The  medicinal  treatment  of  subnormal  pressure 
by  cardiac  and  vaso-motor  tonics  is  so  well  known 
that  more  than  a  passing  reference  to  it  is  un- 
necessary. Strychnine,  digitalis,'  and  adrenaline 
are  the  best  remedies  of  this  class ;  and  phosphorus, 
arsenic,  and  iron  are  frequently  useful  adjuncts. 
As  a  pressor  remedy  formic  acid,  according  to 
Clement'  of  Lyons,  is  promising;  this  observer 
having  shown  that  it  is  a  powerful  tonic  of  muscle 
fibre— whether  striped  or  unstriped— and  quickly 
abolishes  the  sense  of  fatigue.  The  tonic  e£Eect» 
of  formic  acid  or  the  formates  is  much  appreciated 
by  French  physicians. 

*  The  value  of  digitalin  in  the  low  arterial  presante  <rf  AddiKHl't 
disease  is  well  drawn  by  Beadle  Sbort,  The  LemeH,  voL  it.  1906, 

p.  285. 

>  L'^cM^eFomtgueef  la  Force  If iMe«W«,pMleDoctettrC14n^ 
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TheDepressorEffectof  the  Toxins  of  Diphtheria 
«nd  of  other  Infective  Febrile  Diseases  may  be 
met  by  the  Routine  Administration  of  Strychnine. 

-  This  fact  in  regard  to  diplitlieriu  is  thus  clearly 
stated  by  James  Davidson  :   "  As  practically  all 
the  cases  of  diphthtMia  in  the  Edinburgh  City 
Hospital  were  by  routine  practice  put  upon  strych- 
nine and  alcohol  on  admission,  the  fall  of  blood- 
pressure  due  to  the  toxic  condition  was  to  a  large 
extent  annulled.    In  cases  which  did  not  receive 
any  such  stimulant  a  fall  was  in  every  case  noted 
until  this  treatment  was  commenced.   During  the 
routine  administration  of  such  stoulaats  ov«f 
long  periods,  the  blood-pressure  response  to  any 
single  dose  was  apparently  absent,  or  in  any  case 
was  much  less  marked  than  that  following  the 
first  few  doses  given  to  the  patient ;  but  in  these 
cizeumstaoces,  if  the  routine  order  were  suspended 
for  one  or  two  periods,  the  blood-pressure  was 
noticed  to  be  affected.    This  constant  blood- 
pressure  level,  as  maintained  by  the  use  of  strych- 
nine at  regular  intervals,  seems  to  represent  the 
ideal  to  be  aimed  at  in  the  stimulant  treatment  of 
toxic  conditions  such  as  diphtheria."  ' 

1  "  Blood-Pressure  in  Fevers,"  by  James  Davidson,  M.D.,  etc., 
The  Lancet,  vol.  ii,  1907,  p.  1087. 
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ON  ARTERIOMETRY 

Having  iowai.  the  ealibration  of  the  radial  wtery 
I  ■  aai  isst^setive  when  made  l»y  the  side  of 
bloou-pr»»B%  mcasurenionts,  I  will  describe  the 
little  instnmient  (Fig.  0)  which  1  devised  some 
years  ago  for  the  purpose  of  deteriiiiniiig  the  internal 
diameter  or  calibre  of  the  artery,    it  is  applied  in 
the  vertical  position,  i.e.  at  right  angles  to  the 
artery  and  to  the  arm  (see  Fig.  7).    Each  observa- 
tion comprises  two  stages.    In  the  first  the  pointer 
and  the  dial  travel  for  a  certain  distance,  which 
varies  in  each  case,  from  right  to  left — then  the  dial 
ceases  to  move.    In  the  second  stage  the  pointer 
suddenly  leaves  t^e  stationary  j»ro  and  trav^ 
from  left  to  right— in  the  direction  of  the  arrow  on 
the  dial.  Diising  this  tiecond  stage  the  artery  is 
bdng  Soaed,  sod  the  exeuxtton  of  the  pointer 
horn       to  the  point  at  which  pulsation  beyond 
thB  pad  completely  ceases  provides  a  m^unue  <^ 
the  ca^ie  of  the  vessd. 
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I.  How  TO  USB  THE  AeTERIOMETER 

The  Wrist-re*t.— The  box  in  which  the  instru- 
ment is  CMiied.  when  opened  and  inverted,  be- 
comes a  convenient  wrist-rest.  The  strap  which 
BOROlliids  it  provides  three  variations  of  extension, 
any  one  of  which  may  be  selected  as  the  best 
adapted  to  the  individual  extensibiUty  of  the  wrist, 
which  varies  in  different  cases. 

Dircctions.-l.  Extend  the  wrist  (preferably  the 
right  one)  over  the  wrist-rest,  and  see  that  the  elbow 
leans  on  the  table  and  that  all  the  mnscles  are 
relaxed ;  raise  slightly  the  radial  side  ; '  put  the 
left  hand  over  the  upturned  palm  and  thumb,  and 
thus  maintain  the  contact  of  liie  diMCsnm  ^{ainst 
the  wrist-rest  and  prevent  the  thumb  from  bdng 
extended;  and  place  liie  pad  of  tiie  left  index 
finger  over  the  radial  Mtery,  so  as  to  close  the  vessd 

and  exclude  a  reflux  beat  that  may  be  present, 
when  tiie  %  <waly  wm  p«cceive  the  direct  pulsation. 
The  artery  and  the  adjacent  structures  are  thus 
imideied  slightly  tense  and  at  rest -conditions 
which  are  necessary  to  definite  observation. 
2.  Ixamine  the  bed  of  the  artery  with  the  finger 

»  TW«  lUnMtton  u  <d  •pecial  importance  in  taking  the  radial 
calibre  in  the  recumbent  posture ;  f or  th«  the  patient  ia  very  apt 
to  evert  the  supine  forearm. 
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or  the  blunt  end  of  a  pencil,  test  the  closing  of  it, 
and  select  the  best  site  for  the  observation.  If 
this  should  not  happen  to  be  in  a  line  with  the 
prominent  part  of  the  styloid  process,  which  forma 
a  good  general  landmark  for  this  observation, 
stidn  the  site  with  a  dermographic  pencil. 

3.  Hold  the  arteriometer  between  the  index 
finger  and  the  thumb  of  the  right  hand,  and  plant 
the  foot-rests,  one  on  the  styloid  process  and  the 
other  c  -  the  flexor  tendons,  rendered  tense  by  the 
extension  of  the  wrist,  and  adjust  the  pad  care- 
fully over  the  site  of  the  artery.  It  is  important 
that  the  observer  should  see  that  the  inner  foot- 
rest  is  well  supported  by  the  tendons,  and  if  these 
are  not  felt  to  be  firm  enough  the  wrist  should  be 
somewhat  further  extended.  The  instrument 
should  be  held,  throughout  the  observation,  per- 
pendicularly to  the  plane  of  the  limb  ;  and  shoiM 
not  be  inclined  backwards  (see  Fig.  7). 

4.  On  applying  the  instrument,  it  will  be  observed 
the  indicator  traveb  on  the  dial  in  the  direc- 

tk>n  opposite  to  that  of  the  arrow,  and  generally 
for  more  than  one  i  volution,  and  in  doing  so,  on 
xeadung  zero  on  the  index,  it  rotates  the  dial.  The 
extent  of  this  excursion  to  the  left,  which  takes  place 
before  the  radial  measurement  can  be  made, 
depends  on  the  relation  which  the  site  of  the  artery 
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bears  to  the  two  fixed  points  on  which  the  foot- 
rests  are  planted,  e-g.  whereas  in  the  average 
formation  it  may  not  exceed  a  revolution  and  a 
half,  it  may,  when  the  wrist  is  round  and  prominent, 
approach  or  complete  two  revolutions,  and  when 
exceptionally  shallow,  it  may  not  compass  more 
than  one.   The  mechanism  allows  of  two  back- 
ward revolutions.    The  stem  may  be  shortened  or 
lengthened  by  screwing  the  pad  up  or  down. 
When  it  occupies  the  medium  position,  indicated 
by  a  line  across  the  middle  of  the  flat  portion  of  the 
screw,  on  applying  the  instrument,  the  indicator 
settles  in  almost  every  case  in  some  part  of  the 
second  revolution.'    The  instrument  should  be 
applied  somewhat  gradually,  so  as  to  avoid  pro- 
pelling the  zero  point  of  the  dial  in  advaiKse  of  the 
pointer. 

The  observation  proceeds  by  slowly  pushmg 
down  the  outer  case— care  being  taken  to  bear 
equally  on  both  foot-rests-when  the  indicator 
will  recede  to  the  left  a  few  points  farther,  and 
then  will  suddenly  move  in  the  ojyposite  direction— 
that  of  the  arrow— leaving  the  dial  stationary. 

1  In  quite  exceptional  iMtaaees  the  jxantcr  may  barely  complete 
one  revolution  before  it  leaves  lero-when  tlie  patl  should  be  leuRth. 
ened  by  unscrewing  it ;  or  it  may  actuaUy  complete  the  second 
i.voliitl««-i*«i  ^  ttA  AbsM  be  shortowd  by  •cwwiaf  A  up  » 
little. 
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This  point  indicates  the  commencement  of  the  radial 
measurement ;  and,  in  order  to  make  it  as  definite 
as  possible,  it  is  necessary  carefully  to  preserve  the 
same  line  of  pressure.    It  is  advisable  to  repeat 
the  turning  point  of  the  movement  of  the  indicator 
a  few  times  by  raising  and  low«ring  the  case,  which 
is  then  pushed  farther  downwards,  until  the  artery 
is  gradually  closed,  when  pulsation  is  no  longer 
perceived  by  the  tip  of  the  index  finger.*  The 
completion  of  the  observation  should  be  quite 
d^nite,  and  tiiis  may  be  reputedly  tested  by 
allowing  the  pulsation  to  return,  on  slightly  relaxing 
the  downward  pressure  on  the  case,  so  that  the 
indicator  may  recede  a  point  or  two,  and  then  to 
obliterate  it  as  before.'    The  interval  traversed  by 
the  indicator,  from  the  point  when  it  leaves  zero  and 
moves  in  the  direction  of  the  arrow  to  that  which 
shows  the  artery  to  be  occluded,  affords  the  measure- 
ment of  the  calibre.    If,  however,  pulsation  does  not 
cease  after  the  indicator  has  measured  off  as  much 
as  3-0  mm.,  the  observer  should  suspect  that  either 
the  pad  is  incorrectly  placed  in  r^ffd  to  the 
artery,  or  the  line  of  downward  movement  ol  the 

»  When  the  "  reflux  "  or  "  recurrent "  beat  from  the  palmar  an* 
n  preeent,  it  is  excluded  by  the  pad  of  the  finger. 

«  It  will  be  found  that  in  most  cases  the  well-trained  finger  does 
not  require  more  than  of  a  mm.  for  the  purpose  oi  ^&a.m%  the 
ttmmnn  ot  pahation 
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pad  has  not  been  taade  at  right  angles  to  tl» 

resistant  plane  on  wliich  the  artery  rests,  or  the 
spot  chosen  has  not  been  suffieiently  adapted  to 
elosme  of  the  vessel  from  the  want  of  counter- 
support,  etc.,  or  perhaps  the  structural  conditions 
ue  altogether  unsuitable  for  this  mode  of  observa- 
tion. 

Normal  Postural  Variation.-  The  calibre  follows 
the  variations  of  the  arterial  pressure  due  to  gravity 
and  change  of  posture.  In  assuming  the  erect 
postures  (sitting  or  standing)  it  immediately  attains 
its  maximum,  and  just  as  quickly  falls  to  its 
minimum  in  recumbency.  As  a  rule,  in  healthy 
subjects  the  postural  variation  extends  from  '4 
to  -6  mm.,  the  average  cdibre  in  the  erect  postures 
being  from  2*0  to  2-3  mm.  and  in  recumbency  1*5 
to  1*8  mm. 

XL  Epitome  of  Clinical  Observation  of  the 
Radial  Calibre 

In  the  cUnical  field  the  arteriometor  affords  useful 
information  concerning  disturbances  of  the  vaso- 
motor system  and  the  state  of  the  arterial  wall.  It 
therefore  determines  important  facts  relating  to 
the  circulatory  mechanism ;  whereas  the  mano- 
meter merely  measures  the  blood-pressure  as 
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distinct  from  the  condition  of  the  arteries.  The 
two  instruments  are  therefore  complementary  to 
each  other  in  clinical  research  bearing  on  the 
circulation. 

Reversed  PosturalVariatiofi.— WhealiieirtwMl 

pressure  is  lowered  by  a  reduction  of  tone  in  the 
arterial  wall,  inducing  splaachnfe  ft««i,  the  poetaral 
measurements  of  the  radial  calibre  are  reversed— 
becoming  maximnm  in  recumbency  and  mimmnm 
in  the  erect  postiaes.  In  this  way  the  arterio- 
metcr  enables  the  observer  to  measure  the  effects 
fatigue  cm  the  circulatory  system  in  whatever 
way  induced,  whether  by  exercise,  heat,  ill-health 
(acute  or  chronic),  hsemorrhage,  or  otherwise. 

The  Radial  Calibre  is  Subnormal.— This  may 
indicate:  (a)  A  congenitally  small  radial  artery 
merely,  when  the  arterial  pressure  and  the  postural 
variations  of  the  calibre  will  be  normal.   (6)  A 
subnormal  arterial  pressure,  with  general  wasting 
of  tissue  and  reduction  of  the  volume  of  tiie  Mood, 
(c)  Arterial  constriction'wilh  raised  arterial  preesioe 
and  an  absolute  or  relative  reduction  of  the  venous 
pressure,  tiie  postural  vamticoi  of  the  calitoe 
ceasing  should  the  constriction  be  very  persistent 
and  decided.   This  eolation  <rf  the  arteries  is 
obswved  in  the  ewly  stage  of  arterio-sclerosis— 
the  stage  which  has  be«i  termed  pre-sclerotic. 
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(d)  Bndwteritis  (from  syphilis,  lead,  gout,  etc.), 
atheroma,  and  arterio-sclerosis.  The  calibre  is  not 
only  reducorl,  but  has  lost  its  postural  variation. 

The  Radial  Calibre  is  Supernormal.  -This  may 
indicate  :  (a)  A  nornially  large  radial  artery,  when 
the  arterial  pressure  and  the  postural  variation  of 
the  calibre  will  be  normal,  (b)  An  excessive  arterial 
blood-pressure  overcoming  the  arterial  tonus. 

The  Arteriometer  is  Useful  in  suggesting  Vaso- 
dilator or  Vaso-contractor  R«aiedies  and  in 
measuiing  their  Effects.— I  have  frequently  found 
the  arteriometer  of  considrarable  sCTvice  in  indicating 
the  line  of  treatment  to  be  Idlowed ;  suggestiig 
the  adoption  of  measures  and  remedies  which  either 
reduce  a  hjrpertensive  or  which  raise  a  hypotensive 
state  of  tiie  arterial  walls.  The  conjoint  use  of  it 
and  the  manometer  is  a  source  of  sustained  interest 
in  eimbling  one  to  follow  the  relation  between  the 
vaso-motor  state  of  the  arteries  and  the  blood- 
pressure,  and  thus  daily  to  exemplify  in  practice 
our  physiological  knowledge  of  that  relation. 
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ON  VENOUS  AND  CAPILLARY  PRESSURE 

The  Voious  Pressure  may  be  d^ermined  by 
ateertaiiusig  the  Pressure  required  to  permit  Re- 
fi^ig  of  a  Collapsed  Vein. — Select  a  vein  free  from 
branches  on  the  dorsum  of  the  hand,  the  wrist,  or 
the  forearm.  It  should  possess  an  efficient  valve — 
a  fact  proved  by  placing  a  finger  on  its  distal  end 
and  emptying  the  vein  with  another  finger  drawn 
along  it,  when  the  piece  of  vein  as  far  as  the  valve 
will  remain  collapsed.  Place  the  phalangeal  pad 
across  the  distal  end  of  the  vein,  and  adjust  the 
strap  around  the  hand,  wrist,  or  forearm  without 
compression,  and  buckle.  Inflate  the  bag  to  the 
pressure  of  40  mm.  and  empty  the  vein.  Th^ 
very  gradually  release  the  pressure,  when  at  a 
obtain  point  in  the  fall,  which  denotes  ^e  venous 
pressure,  the  vein  nKtdenly  r^lb. 

The  Vaxous  Pressure  may  also  be  det^miiied 
1^  Gravity.— I  have  observed  that  the  venous 
prenuie  imy  be  accurate  measured  without  the 

til 
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aid  of  a  blood-pressore  initmment ;  a  foot-rule  or 
meaioriiig-tape  h&n$       that  is  necessary.  If 
the  vwns  on  the  dorsum  of  the  hand  are  sufficiently 
viable,  it  m  found  that  when  the  hand  is  held  in 
the  vertical  position,  with  the  fingers  extended,  and 
is  very  gradually  raised,  the  veins,  at  a  certain 
height  above  the  level  of  the  apex  of  the  heart, 
are  seen  to  collapse  quite  suddenly.    The  comple- 
tion of  the  observation  is  definite— for  the  transition 
from  a  partial  to  a  complete  collapse  takes  place 
within  the  space  of  half  an  inch.   It  is  observed 
that  the  veins  nearest  the  fingers  collapse  some- 
what sooner  than  those  nearest  (lie  wrist ;  but  the 
difference  is  so  slight  that  I  prefer  to  take  the 
collapse  of  all  the  veins  of  the  dorsum  as  the  ii^ica- 
tion  for  measurement. 

I  conclude  that  at  l^e  moment  of  collapse  of  the 
vdns  the  blood-pressure  within  them  is  practically 
nil— being  balanced,  as  it  were,  by  the  force  of 
gra^nty ;  and  that  we  may  express  this  point  of 
annulling  the  hydrostatic  rise  of  the  blood  in  mm. 
Hg.  pressure.  This  may  be  done  by  making  a 
v«y  simple  calculation.  If  we  take  the  average 
specific  gravity  of  the  blood  as  1-060,  and  that  of 
mercury  as  13-570,  the  25-5  mm.  contained  in 
one  inch  will  represent  1-085  mm.  Hg.  (or  approxi- 
mately 2  mm.  Hg.).    Theiefore,  if  we  multiply 
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by  two  the  number  of  inches  above  the  level 
of  the  apex  of  the  heart  at  which  the  veins 
collapse,  we  ascertain  in  mm.  IJg.  the  venous 
pressure. 

This  simple  method  of  measuring  the  venous 
pressure  has  afforded  me  more  uniform  results 
than  other  methods ;  and,  as  it  enables  one  to 
discriminate  between  differencoi  of  1  mm.,  it  is 
definite  and  delicate.  In  applying  it,  it  is  import- 
ant to  see  that  the  j^essme  is  not  ar^cally  raised. 
This  may  occur  through  nexYoos  p^iwbation,  or 
obstmctiim  of  t^e  venous  flow  by  tight  clothing, 
or  e^&  by  the  observer  placing  his  hand  round 
the  forearm.  The  lowering  effect  of  coid  on  the 
venous  pressure  should  also  be  kept  in  mind. 

I  am  disposed  to  think  that  this  gravity  method 
yields  an  approximate  reading  of  the  capillary 
pressure ;  for,  as  a  rule,  just  when  the  vein  collapses 
tuere  is  observed  a  slight  blanching  of  the  nail — 
especially  its  central  portion  —which  is  made  some- 
what more  apparent  when  the  naiis  of  the  opposite 
hand,  v.-ith  the  fingers  flexed  downwards — so  as  to 
retain  their  blood  in  the  elevated  position— are 
compared  with  tJie  uplifted  naSs  «^  by  ®cte. 
The  measurement  from  the  ap»  of  the  heart  to 
the  nails  gives,  as  a  rule,  a  reading  lor  the  capittaxy 
^^esmre  S  ^  10  mm.  Hg.  higher  ikm  that  of  t^ 
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venous  pressure,      20  mm.  Hg. 

The  methsd-^^  of  ohsorvitig  venous  pressure 
on  the  dommk  of  tht  haed  i»ve  yMsd  folbw- 
ing  results : 

Posture.— Tiu^  pressure  in  nimnal  siil)!  '  ts  m 
lower  ill  tlip  v  nmh>  t  'h.in  in  .ac  erect  jk  >ion, 
and  itit.M-niod!  .ic  m  tho  sittmg  po- tinv  ;  6.  re- 
cnmbeucy  U)  15,  silting  without  upp"r  U  20, 
ail' I  stan<lihg  -'O-'J.')  mm.  Hg. 

Muscular  Action  has  a  pronoui  el!«  ia 
raiding  t  bo  v.  nous  pressure.  Tte  M  ©ww^^^ 
in  tho  J,  urea  ;  for  example,  it  h  ay  be  1#-15  ». 
Hg.  while  sitting  with  hixk  B^pfflrted  %td  al  ^ 
^isc^  relaxed,  and  on  ^ 
to  nun.  Hg.   But  ^  iw^ment  is  m-l 

moie  de^ed  i»  e^^»e  ^  kinds 
in  cycling  on  a  tev*^-  njdl   »ndl  t^^'  wi 

effort)  tke  w       pr     s  r  may      don  ed 

-~e.(j.  15-20,  rising  > 

in  cycling  on  a  risisf  jfmm     i  sai^.   xtt  d  iO  mm. 

Ontraci  on  ot  tl    musclor         -  ip 
vei' '-aiscs  the  p?    sure:  thi.-,  i'd>  .  whii  was 
ur   sedi'  tho  dav«      veneh.  tion,  is  well  shown 
b\     ihi  u  the  hai     unti'  th«  veins  collapse,  when 
mu^aiar  contra  u  --  >f  th    -.a  ^lls  ten. 
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Mental  Exercise  and  Psychological  Excitement 
«ad  Perturbation  likewise  increase  t'lo  pn -^surf. 
Hence  tli*'  iuiportaiice  of  (luiescence  of  niiu'l  ami 
absence    '  eniotiun  durin«?  the  observation. 

Digestion  also  raises  the  venous  prM«ttre.  Iti 
augmenting  iufluence  is,  l;<  wever,  c©ant«racted 
bv  the  redut  ^  effect  ol  the  SfdaBcbfiic  iamm  ^^kk 
akes  place  alter  a  meal  mfecwSy  dwmtg  the 
9t  hour.  Bat,  notwithita^^  tiw  fact,  the 
6  ^emic  rmnom  |^e««iie  doee  we  as  a  mle  even 
in  the  erect  postures  during  diges^n. 

Tti^wtti»«»— WarmtJi  tamm^  ^m^m  pies- 
Mxae  and  cold  lowers  it. 

fti  influences  the  pressure  quickly  and 
powerfufi?  *ll  forms  of  effort  which  increase 
^e  inti»-=  ic  air-pressure  raise  the  venous 
pressure  mar  v  ;  such  as  coughing,  straining  at 
stool,  lifting  a  heavy  weight  with  the  glottis  closed, 
Valsalva's  experiment  (forcible  expiration  with 
closed  mouth  and  nostrils). 

The  effects  "f  deep  inspiration  and  expiration 
on  the  venous  pr«  '^sure  are  readily  studied  by 
gradually  raising  the  extended  hand  un^  ^ 
veins  on  the  dorsum  just  collapse  {see  p.  218),  mair 
tai^  it  at  thi^  le?d  and  tiJdng  a  series  of  te^ 
drawn,  deep  im^in^ns  «id  pc^oaged  eiq^at 
when  the  veins  mil  be  seen  to  fill  with  ev«y 
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spiration  and  to  empty  with  every  expiration. 
These  respiratory  variations  in  the  collapsed  veins 
show  the  far-reaching  efiect  of  deep  breathing  on 
the  peripheral  circulation— the  rise  and  fall  in  the 
venous  pressure  being  indicative  of  the  same 
variations  in  the  capillary   and  tissue  lymph 
circulation.    These  observations  are  not,  how- 
ever, quite  in  keeping  with  what  we  know  of  the 
dilating  effect  of  inspiration  and  the  contracting 
effect  of  expiration  on  the  intra-pulmonary  vessels, 
which  should  induce  a  fall  in  the  venoua  ^essuie 
during  inspiration  and  a  rise  of  it  during  expiration. 
But  this  discrepancy  may  be  accounted  for  by  (1) 
the  fact  that  the  variations  in  btood-pcecsare  pro- 
duced by  inspiration  and  expiration  are  actually 
not  synchronous  with  the  respiratory  movements 
—the  maximum  effect  of  each  being  intermediate 
between  inspiration  and  expiration ; '  and  by  (2) 
the  muscular  action  on  which  deep  and  prolonged 
inspiration  entirely  depends— expiration  being 
nearly  independent  of  it. 

Sleep  and  drowsiness,  by  reason  of  the  vaso- 
motor relaxation  induced,  favour  a  rise  in  venous 
pressure. 

How  is  the  Venous  Pressure  modified  ?— The 

1  A  Manual  of  Ph^iology,  by  Q.  N.  Stewart,  M.D.,  etc.,  London, 
1899.  p.  24t. 
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following  are  the  leading  factors :  in  reduction — 
(1)  diminution  of  the  ventricular  output  and  con- 
tractility, (2)  contraction  of  the  arterioles,  and  (3) 
splanchnic  drain;  in  increase— {!)  augmentaiabn 
of  the  ventricular  output  and  contoactility,  (2) 
vaso-dilatation,  (3)  inei^umd  inlara-ltoacw}  air- 
pressure,  and  (4)  compression  of  veins  during 
muiKJttlar  contraction. 

The  Vettout  Pressure  as  an  ladiealw  of  the 
State  of  the  Peripheral  Circulation.— This  physio- 
logical study  of  the  v^ioi»  pressure  shows  that  a 
rise  of  the  venous  pressure  is  an  external  and 
visible  sign  of  increaised  activity  in  the  peripheral 
circulation — indicating  the  passage  of  a  larger 
volume  of  blood  through  the  capillary  area  ;  and  a 
fall  in  that  pressure  shows  either  diversion  of  blood 
to  the  spanchnic  area  or  a  contraction  of  the  peri- 
pheral vessels. 

The  Relation  between  the  Venous  and 
Arterial  Pressures.— The  arterial  as  wdl  as  the 
venous  pressure  is  raked  during  active  exocise 
ai^  during  muscular  oonte»eti(m  and  t&mt ;  but 
in  quiem^ent  conditions  of  tiie  body,  when  ^» 
v«UH»  Tprntm  i»  rataed  by  m^ax  wacm^ 
or  c^ei^on,  the  proximal  arterial  j^essuxe  ftilb, 
while  the  distal  art^al  pressure  rises  as  ^urt  dt 
thft  kianmint  ^  iwtiffl&sial  bkiud  miaiuiii 
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The  Capillary  Blood-pressure 

The  Agrmieitt  l>«tween  the  Variations  of  the 
Venous  and  Capillary  Blood-pressure— Observa- 
taon  has  shown  me  that  variations  of  the  capillary 
pressure  are  more  definitely  afforded  by  the  venous 
pressure  than  by  the  methods  of  direct  measure- 
ment which  have  been  proposed.    I  have  found 
that  che  venous  pressure  taken  by  the  gravity 
method  is  the  best  indicator  of  the  capillary  pres- 
sure, when  the  hand  is  normally  warm  ;  this  is  an 
important  proviso,  for  when  the  hand  is  cold  vaso- 
contraction  of  che  venules  takes  place,  which  favour 
a  rise  in  the  capillary  pressure,  while  it  det^mii^ 
a  fall  in  the  venous  prrasure. 

The  Amount  of  ^sii»<^iii  li^cates  the  Capil- 
lary Presaure.— But  observation  has  further  de- 
monstrated that  the  amount  of  tissue-fluid  present 
in  the  last  phalanx  is  the  best  and  most  trust- 
wor^y  guide  to  the  variations  of  the  capillary 
measure.  The  method  of  observation  of  the 
tissue-fluid  is  described  in  the  Appendix. 

The  Relation  between  the  Venous  Prer  ire  and 
the  Tissue-fluid.— As  the  venous  pressn  a  good 
gauge  of  the  capillary  pressure,  there  su-uld  be  a 
similar  relationship  between  its  variations  and 
those  of  the  volume  of  lymph  m&e^^ 
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through  the  interstitial  tissue.  Observation  shows 
that  this  is  so.  I  have  found  that  (1)  whenever 
the  veins  on  the  dorsum  of  the  hand  collapse  at 
the  level  of  the  cardiac  area  (from  apex  to  base) 
the  reading  of  the  tissue-fluid  falls  to  zero  {i.e.  the 
lymphometer  reading  indicates  either  an  absenee 
of  ttarae-fluid  or  the  presence  of  merely  a  point 
c»  two  of  lymph) ;  and  (2)  the  amount  of  lymph 
rises  tibe  incrment  of  Tenous  piearare,  as 
shown  by  the  veins  having  a  higher  collapsing  point 
tiltan  the  cardiac  area. 

These  and  other  observations  have  shown  (1) 
tiiat  the  tissue-lymph  circulation  in  the  systemic 
area  is  but  an  extension  of  the  capillary  circulation, 
and  (2)  that  it  is  tidal,  or  to  and  fro  in  character — a 
movement  which  is  the  outcome  of  the  rise  and  fall 
in  the  capilhury  blood-pressure. 
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tm  nmuAimmiBJBM,  Ltmmmmn,  and 

HiBBIOGLOBSimBTBR 

I.  Thb  H^maoytomxter 

The  Principle  followed. — The  method  is  based  on  the 
following  facts  i  (a)  When  a  oandUe-flame  is  viewed 
through  a  glass  tube  ecmtaini^  wtkUat,  a  iaemsanmm 
line  of  bright  illumination  is  seen,  consisting  of  closely 
packed,  minute  images  of  the  flame  produced  by  the 
longitudinal  fibrillatiou  of  the  glass.  In  the  process 
of  drawing  out,  the  tube  becomes  minutely  corrugated 
or  fibrilkkted  in  the  dhreotion  of  its  axis.  The  corruga- 
tions are  extremely  small,  but  th^  are  easily  obsnred 
when  a  tube  is  held  before  a  flame  and  the  structure 
of  the  glass  is  examined  by  a  pocket  lens,  when  the 
corrugations  are  seen  to  produce  alternate  bright  and 
dteded  Ifami  dispoMd  in  ^  Twt^  direetkm.  Each 
eorrugatwn  acts  as  a  lens,  hence  the  horizontal  line 
made  up  of  a  congeries  of  images  of  the  flame.  (6) 
When  some  fixing  fluid  (such  as  Hayem's)  is  added 
to  blood,  the  mixture  presents  a  certain  degree  of 
opadiy  according  to  the  anumnt  ci  bkwd  or  ol  the 
ixbig  fluid.  (6)Tlieopftdl7thnspfodwwde(»ipieteIj 
thttta  oaM  oi  rkm  ths  illuminated  Hoc,  until,  am  dUateig 
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ftirlbCT,  •  ^finite  point  is  reached,  when  it  can  just  be 
jgloitttd  as  a  Btiwik  ai  light  ocroM  the  tube— the  dawn. 


W».      TBS  maaaammmm. 

a.  Hood  iiiniirtr:  »,  BUaf  ^vilt*:  ^  a»tttB>d  tnteittd  MM;  4,  maim  tt 
bold&«  th«  tab*  tot  obMrrktioii. 

as  it  were,  of  the  bright  minute  images  of  the  flame 
•een  when  the  opacity  is  absent  or  is  further  reduced. 
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Repeated  observation  has  shown  that  the  development 
of  this  delicate  h^ .  'tal  line  by  dilution  with  the 
fixing  fluid  is  a  vei  sitive  indicator  of  the  percent- 
age of  the  blood  corpu,.de8. 

The  ai^MurmtttS  eonsists  of  (1)  a  graduated  flattmwd 
tabe ;  (2)  an  automatio  blood  measurer  ;  (3)  a  mixing 
pipette ;  (4)  a  candle ;  and  (6)  a  bottle  of  Hayem's 
solution  •  (see  Fig.  8). 

The  determination  of  the  scale  was  made  by  the 
enumeration  method  extended  to  120  squares  applied 
to  the  blood  of  noniial  mui.  One  hundred  degree* 
presents  the  generally  accepted  standard  of  6,000,000 
corpuscles  per  mm. ;  therefore  80  degrees  is  equivalent 
to  4,000,000,  etc. 

The  white  corpuscles  in  a  state  of  health  do  not 
affect  the  readings. 

The  Mode  of  Observation.— The  pipette,  jireviously 
dried  by  passing  through  it  a  needle  threaded  with 
cotton,  having  been  accurately  filled  and  cleared  from 
adherent  blood  by  the  finger,  the  rubber  nozzle  of  the 
fitted  with  Hayem's  s^ititHt  w  then  applied 
over  its  bevelled  end,  and  the  Wood  is  thoroughly 
washed  into  the  flattened  tube  (Fig.  9).  When  the 
blood  is  not  suspected  to  be  particularly  poor  in  hseuio- 
globin  and  curpui-cles,  the  amount  of  fixing  fluid  added 
in  the  first  instance  may  raise  the  coiunm  to  the  00  or 
70  per  east,  vmk ;  c^ntwise  the  first  charge  AxnM 
he  hm.  The  contents  of  the  tube  are  then  uniformly 

*  Hie  formula  is  as  fi^««t  Hyinrgyri  perchloridain,  gramme 
0-5;  Bodii  chlorid.,  granuBS  1*0;  tod»  sulpM^  gnwniw  6*0; 
aqua  disiiliata,  200  c.o. 
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mixed  by  inverting  the  tube  a  few  timeB  with  the 
thumb  otmt  its  mouth,  e«re  being  t»l»n  on  removing 
the  thumb  to  draw  it  over  the  lip  of  the  tube  so  as  to 
restore  as  much  as  possible  the  fluid  adhering  to  it. 
This  procedure  should  of  course  be  repeated  after 
every  addition  of  the  diluting  fluid.   The  ohmmikm 


F».  a.— Waudto  vau  Buood  ano  thb  H^bmac  «'«>juw»  Tcm 
wrra  Hatsk's  BovarmH. 

is  made  in  a  dark  rooi  '  or  in  a  darkened  room  free 
from  cross-lights.  The  observer  stands  ten  feet  frwtt 
the  flame.  In  making  the  observation  it  is  imp<»rtant 
to  shut  out  as  much  as  possible  the  diffused  light  of  the 
candle.  The  most  satisfactory  way  to  do  this  is  to 
place  the  lower  end  of  the  tube,  with  its  long  diameter 
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in  a  line  with  the  candle,  in  the  concavity  between 
thumb  and  forefinger,  bo  as  to  make  as  it  were  a  frame 
for  it,  and  then  to  bring  this  part  of  the  tube  quite 
dose  to  the  eye  (Fig.  8,d).  The  obeerwr  must  look  out 
iharply  for  the  fiwt  af^teannce  of  the  feint  transvem 
line  of  light  which  dilation  teings  into  view,  and  the 
earliest  indications  are  obtained  by  turning  the  tube 
on  its  axis,  when  the  line  will  first  become  visible  at 
the  sides  of  the  tube. 

The  hsemacytometer,  adapted  to  the  measure- 
ment oi  tissue-lymph,  oonnsto  <^  the  followii^ 

(1)  Set  of  lancet  prictors. 

(2)  Two  measuring  pipettes. 

(3)  Two  hsemacytometer  tubes. 

(4)  A  set  of  stout  rubber  rin§B. 

(5)  A  fimbriated  tube. 
((»)  A  nipple  pipette. 

The  method  of  observation  '  was  described  in  a 
preliminary  note  "On  the  measurement  of  tttsm 
ittid  '*  read  before  the  ItoytA  Soekty,  June  11,  liOS. 
It  is  based  on  an  examination  of  two  samples  of  blood  ; 
one  before,  and  the  other  after  c  pression  of  the 
tissues  of  the  finger  by  stout  rubber  rings.  The  first 
sample  is  believed  to  contain  a  certain  admixture  erf 
tissue  fluid ;  f<»r  the  needle,  in  puncturing  the  ca^Qaries, 
*  See  the  OSvs-Sharpey  Leetorw,  The  Lantxl,  to!,  i,  190*. 
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most  penetrate  the  wreolar  t  issue  spaces  which  surround 

them,  and  perhaps  also  the  lymphatic  capillaries  of 
origin  under  the  epithelium,'  and  so  must  liberate 
lymph,  which  mingles  with  the  blood.  On  the  other 
hand,  it  has  been  concluded  that  the  second  sample 
is  freed  from  that  admixture,  as,  aftw  removing  the 
ringt^which  squeeze  the  lymph  awaj-from  the  capillaries, 
the  blood  instantly  returns  to  the  vonseif!,  whereas  an 
appreciable  interval  elapses  before  fresh  lymph  is 
formed. 

A  puncture  is  made  on  the  dorsum  of  the  finger  new 
the  root  of  tb.o  nail — this  part  being  much  more 
amenable  to  efficient  compression  than  the  pad  of  the 
finger — and  the  blood  is  measured  off  by  one  of  the 
automatic  pipettes ;  after  which  the  three  rings  are 
sknrly  rdled  with  pressure  awr  ^  ft^fw  bxA  axe 
lodged  beyond  the  phalangeal  joint.  The  metal  tube 
is  then  passed  over  the  finger  up  to  the  joint,  and  the 
rings  are  rolled  on  to  it,  and  are  thus  removed  without 
compressing  the  distal  parts  of  the  finger.  Now  the 
blanched  finger  suddnily  reddMM,  wlwn  (the  Ijmfh 
baviag  hem  squeM^  away  hy  th»  rings)  the  blood 
may  be  extruded  by  pressure  through  the  original 
puncture  without  fear  of  disturbing  its  quality.  It 
is  then  measured  off  by  the  other  pipette,  and  each 
sample  is  washed  into  its  respective  tube,  ami  the 
percentages  of  corpuscles  are  read  in  the  manner 
^viously  described  (see  p.  229).  This  method  of 
enumeration  enables  the  finest  differences  between 

«  "  The  Lymphatica,"  by  G.  Delamere,  P.  Poirier,  and  B.  Cim^o; 
translated  by  Cecil  H.  Leaf,  M.A..  M.B.,  F.B.C.8.  (Eng.).  1903.  p.  3. 
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the  two  samples  to  be  discriminated.  When  tissue- 
lymph  is  present  the  percentage  quantity  is  indicated 
by  the  higher  reading  of  the  tttbe  oootainiiig  the  samide 
after  comparegBfcm ;  lnitis^eiittk»Botprefenttheteihee 
read  alike.  A  nominal  difference  of  two  points  may 
bo  regarded  as  practically  iadkating  a  minimum 
quant  ity  of  tissue  fluid. 

Besides  affording  a  measure  oi  the  tiarae-fliikl  in 
the  finger,  I  have  found  this  method  useful  in  giving 
a  ready  all-round  estimate  of  the  condition  of  the  blood, 
1^  taUag  the  mean  of  the  two  observations,  t.g. — 

9S  after  campcemkm^ 

80  b^ore       „         « W. 

Tbrae  obswrvations  occupy  hot  a  few  minutee; 
and  ti»  ]»aetieal  advantages  derived  from  them  are 

otmsiderable  in  at  once  settling  the  question  of  anaemia 
(in  its  broad  sense),  spansemia  and  chlorosis  ;  and  in 
detecting  polycythsemic  or  apoplasmic  anaemia  in 
which  the  blood  is  conoMitrated  tlMrefore  reduced 
in  vohime  (see  *'  Blood  «id  WMrpnman,"  by  6. 

m.  Thb  BjnfOCffiOBnioiiafn 

The  method  consists  in  comparing  a  specimen  ol 
blood  suitably  diluted  with  water  in  a  shallow  white 
palette  with  a  number  of  standard  tests  very  carefully 
prepared  by  the  use  of  Lovibond's  coloured  glasses. 
The  capillary  pipette  c  (Fig.  10)  is  first  filled  with 
IdoodohlaiBfidhypnf^iog^^^.  'O^kwuM 
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w^b  wfttor  by  the  mixing  pipette  d  into  the  blood- 
cell,  e ;  the  coll  is  then  just  filled  with  water,  and 
the  blood  and  water  thoroughly  mixed  by  the  handle 
of  c  being  used  an  a  stirrer.   The  cover  glMS  kl 
then  adjusted,  when  ft  •maSk  bdbbte  dionid  fwm,  • 
okM  ^gn  tbftt  the  oell  bM  nol  been  overfilled.  The 
cell  is  then  placed  by  the  side  of  the  standard  grada- 
tions, and  the  eye  quickly  recognises  its  approximate 
position  on  the  scale.   The  camera  tube  provided 
with  the  instrument  will  more  »coiir»tely  define  it. 
ArtifidftI  I^t  AxmM  be  naed.  If  it  k  proved  that 
the  blood  solution  is  matched  in  depth  of  colour  by 
one  of  the  standard  grades  the  observation  is  at  an 
end  ;  but  if  the  tint  is  higher  than  one  grade,  but 
lower  than  another,  the  blood  cell  is  placed  oppoette 
to  the  former,  and  riders  (not  shown  in  the  iUi»tratiMi) 
«r»  ft^^tod  unta  the  match  is  accurate.   The  standard 
gradations  are  narkr-d  in  percentages ;  thus  100  per 
cent,  represents  t  lo  normal  (corresponding  to  18  5  c.c. 
of  oxygen    •  J<>^>      of  blood) ;  if,  for  instance,  the 
bk>od  ie  so  pour  that  it  only  owiti^  fadt  Urn  aotsal 
quMttity  of  oxyhemoglobin,  the  blood  sampie  diluted 
ae  deecriHt^d  wiU  be  matched  by  the  gra^  laarked 
fid,  mmI  ao  Icor  othw  percentages.  > 

»  These  instnimenta  are  BM^  bjf  M*.  LovilMod,  Uw  Qdoar 
L)»bontorie«.  Salisbury. 
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